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THE NEW 


MEDICAL & LABORATORY 
MICROSCOPE sm 


Leitz sets a new standard in introducing this 
general purpose microscope for student and 
laboratory use. The SM model embodies the 
advances of design and craftsmanship that only 
100 years of microscope experience can provide. 
It combines solid construction and operational 
ease with: true accuracy and precision. The 
Leitz MEDICAL & LABORATORY MICROSCOPE SM 
is the ideal microscope for the laboratory. 
Among its outstanding features are: 


© Famous Leitz ball-bearing, single knob, dual 
focusing control, combines fine and coarse 
focusing 

° Handsome design, solid and dependable 
construction 

® Flat-surfaced stand of corrosion-resistant light 
alloy 

¢ May be used turned away from observer for 
easy accessibility to slide 

® Instant-locking device changes tubes (inclined 
or straight monocular or binocular) in a one-step 
operation 


A TYPICAL COMBINATION OF ACCESSORIES 
MEDICAL & LABORATORY MICROSCOPE SM, with 
inclined monocular tube, mechanical stage; two-lens 
condenser with swing-out upper element and iris 
diaphragm;. quadruple nosepiece; mirror and fork; 
carrying case. With optical outfit consisting of 


¢ Variety of object stages to choose from 
® Removable mirror interchanges with attach- 
able illuminators 
Retractable spring-loaded mounts on high- 


achromats 3.5x, 10x, 45x, and 100x—oil 6x and 


powered objectives provide positive protection 
10x eyepieces .... $411.50 


against damage to slide or front lens. 


E. Leitz, Inc., Dept. Sc-415 q 
l 468 Park Ave., South, New York 16, N. Y. 


Please send me additional information on 
the SM Microscope 


NAME. 


STREET 


ZONE STATE 
L 


21387 


E. LEITZ, INC., 468 PARK AVENUE SOUTH, NEW YORK 16, N. Y. 
Distributors of the world-famous products 67% 
Ernst Leitz G.m.b.H.,Wetzlar, Germany—Ernst Leitz Canada Ltd. 
LEICA CAMERAS: LENSES: PROJECTORS . MICROSCOPES -: BINOCULARS 


SCIENCE i bli hed weekly by the AAAS, 1515 Massachusetts Ave., NW, Washington 5, D.C. Second-class postage paid at Washington, D.C., and 
isco additional mailing office. Annual subscriptions: $8.50; foreign postage, $1.50; Canadian postage, 75¢. 
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Peptides ‘Over 200 Purines, 


dines + Miscellaneous Biochemicals + Vitar 


_Bnaymes. Crystalline, Purified - Growth | 


“Test Materials - 
Fatty Acids Antibiot 
Substances. 


NUTRITIONAL 
BIOCHEMICALS CORPORATION 


21010 MILES AVENUE CLEVELAND 28. onto 


entying to see our bioch 


SEND FOR OUR 

FREE MARCH, 1960 
CATALOG 

Containing more than 

2600 items. Fill out coupon and 
mail today for your copy. = sc 


NAME 


ORGANIZATION 


In this age of missiles, space ships and roc 
es, space ships and rockets, it is g1 emi-_ 
-eals travel throughout the world. Leading research 
als throughout the world. Leading research invesug: au over. 
the globe have come to rely upon our high quality, low prices and service. . 
| 
CITY 


BINOCULAR 


| PHASE CONTRAST 


POLARIZING 
MICROSCOPE 
MPS $269 


BMPE $490 


FREE 


TRIAL 


BINOCULAR 
AUTO-ILLUMINATION 
BMLU $425 


Photomicrography 
Set 
ACA = $39.95 


MICROSCOPE 
MLK $198 4 


rated is a partial ‘selection for biology, | me 
hemistry ‘and related fields. UNITRON also has com 


d for optical quality . advanced optical and 
‘design unique and convenient operational features 


BINOCULAR 
PHASE- 
CAMERA- 
MICROSCOPE 
BU-13 $1580 


Polaroid Land Camera 
Attachment 
$5 


STUDENT AUTO-ILLUMINATION 
MICROSCOPE 
MSA 


STEREOSCOPIC 
MICROSCOPE 
MSHL $267 


Please rush UNITRON's Microscope Catalog 4B-3 


Nome 


Company. 


Address 


| In the Laboratory... op | 
— . the trend is to icroscopes 
TRON 
ers an extensive line of Laboratory Micro- 
s & Accessories for Research. Industry and Education. as : 
MON UNITED SCIENTIFIC Cc 
Tor Te "204206 MILK STREET BOSTON 9, MASSACHUSETTS 
; 
whic include basic optics . . . these, together with years of 
proven instrument performance, are the reasons why... 
>| REND IS TO UNITRON! 
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Editorial 


Articles 


Science in the News 


Book Reviews 


Reports 


Departments 


Gea, Daughter of Chaos 


Randomized Cloud Seeding in Santa Barbara: J. Neyman, E. L. Scott, M. Vasilevskis. . 
The effectiveness of cloud seeding during a period of three years is 
Statistically evaluated. 


Natural, ultraviolet, and high-energy radiation processes are compared. 


Hans Friedrich Jensen, Biochemist: E. A. Evans, Jr. 


Salary Report Presented by University Professors’ Group; $150,000 
To Be Shared by Four Atoms for Peace Award Winners 


H. Muench’s Catalytic Models in Epidemiology, reviewed by W. Burrows; 
other: reviews 


Effect of Kinetin on Formation of Red Pigment in Seedlings of Amaranthus 
retroflexus: E. Bamberger and A. M. Mayer 


Behavior and Beliefs during the Recent Volcanic Eruption at Kapoho, Hawaii: 
_R. Lachman and W. J. Bonk 


A Nonsteroidal Androgen: R. I. Dorfman 


Nervous Regulation of Conditioned Hyperglycemia to Nociceptive Stimulation: 
E. Gutmann and B. Jakoubek 


Synchronization of Division in Escherichia coli: P. A. Anderson and 
D. E. Pettijohn 


Utilization of Organic Carbon by a Marine Crustacean: Analysis with Carbon-14: 
R. Lasker 


Toxicity of Bacterial Exotoxins by the Oral Route: C. Lamanna 


Effect of 5-Hydroxytryptamine and Iproniazid on Pregnancy: 
E. Poulson, M. Botros, J. M. Robson 


Viruses Associated with Epidemic Hemorrhagic Fevers of the Philippines and 
Thailand: W. M. Hammon, A. Rudnick, G. E. Sather 


Species Differentiation of Insects by Hemolymph Electrophoresis: 
M. van Sande and D. Karcher 


Letters from J. H. Wiegand and B. H. J. Hofstee 
Optical Rotation and Rotatory Dispersion; Forthcoming Events 
Terrain of Santa Barbara County, California, where a randomized experiment on the 


effectiveness of cloud seeding has been under way since 1957. Part of Los Padres Na- 
tional Forest. See page 1073. [David Muench] 


1073 
1095 
1098 
1102 
1105 
] Cover 
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Payoff in portable photons 


Samarium-145, Samarium-153, Gadolinium-153. 

Scientists at the General Motors Research Laboratories began three 
years ago to measure and re-evaluate the nuclear characteristics 

of these rare earth isotopes — their half-lives, photon emissions, 
thermal neutron cross sections, 


Conclusion: the radioisotopes had attractive possibilities in industrial 
and medical radiography, emitting almost pure gamma rays or 
X-rays (photons) in the low energy range of 30 to 100 kev. 


The transition from research to hardware came through two key 
developments. First, cermet pellets were fabricated using only a 7 
milligrams of the rare earth oxides. Then the irradiated pellets 

were packaged in special bullet-size holders. 


The resulting small, sealed radiographic sources are now being 
field and laboratory tested. Two excellent applications: “inside-out” 
checks of hollow shapes inaccessible to X-ray tubes, and radiography 
of thin steel sections and low density materials such as 
aluminum or human bone. For example, a recent medical 
milestone was a chest radiograph of a living person made with 

a Sm158 source. The portable exposure unit to shield the source 
weighed only 18 pounds. 


This isotope radiography program is but one example of the work 7 


way in GM Research’s modern isotope laboratory — work that means, 
through science, “more and better things for more people.” | 


General Motors Research Laboratories 
Warren, Michigan 


Useful range for radiography 


Gd 


Sm'4s 
0.5 1.0 1.8 
Aluminum thickness (inches) Sm!53 exposure unit, 
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Diamond D Superiority Gives You Top Quality 
Yet Saves You Money... And You Can Prove It! 
out” 


No purchasing agent .. . no technical man... of “Behind The Diamond D.” It is a step-by-step 

uphy will buy a pig in a poke! Their approach to the oe story of the manufacture of Diamond 
job and the procedures involved make it practically boratory Glassware. Doerr Glass Company, 

impossible to buy blindly. That’s why we offer a_ Vineland, N.J. 

simple 2-step evaluation of laboratory glassware to 


aa Faces top quality can cost less money. For OL’ NANTUCKET WEATHER CLASS 
ce STEP ONE: Obtain competitive samples of Here is a hand-blown replica of the 
lab glassware, including Diamond D, and sub- 
ject them all to the most rigid tests you can Light more than a century ago. It is 
devise. Rate every brand honestly. crynal-clear pear 
un STEP TWO: Check the ratings, against the bracket. Fill the 
ati prices for each piece and buy the one which ing to directions; chart shows how. to 
’ gives you the best value for the least money. 
Simple? Certainly, it’s simple. That’s the way home, office, den, recreation room, col- 
industrial purchasing agents and technical men lege dorm or classroom. $3.95 postpaid. 
buy ... or at least that’s how they should buy. Doerr Glass Speciation, 
For one of the most interesting studies ever made a Ce ee 
of the art of glassmaking, send today for your copy 


DIAMOND “D” 
GLASSWARE 
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rectangular 
and cylindrical — 
liquid or gas cells — 
test tubes 

@ special cells 
e demountable cells — 


for 

@ absorption 
spectrophotometry 
e colorimetry 
other 
applications 


transmittance 
@ path length 
spectral@ange 


specify only 
Beckman quality 
cells for use in the 
far UV, visible, 
"A and near-infrared 
regions 
— available in 
matched sets 
from dealer 
* stocks in 108 
locations in 

the U.S. and Canada > 


See your Beckman dealer or write 
for free cell catalog 88-16-UV 


Letters 


Plotting Titration Data 


The method of plotting titration data 
suggested by B. H. J. Hofstee [Science 
131, 39 (1960)] is open to question be- 
cause the value of one of the variables 
appears in both the ordinate and 
abscissa. The suggested form of his 
Eq. 1, 


P=(XY)+ K(XY)/(X) (1) 


does not separate the two variables. A 
preferable way to plot the data would be 


1/(XY) = 1/P + (K/P)/(Y) (2) 


Thus a plot of 1/(XY) versus 1/(Y) 
gives a slope of (K/P) and intercept of 

This method of plotting is used in the 
treatment of closed-chamber data on 
gun propellants. In that case the maxi- 
mum pressure Pm is related to the den- 
sity of loading A, the force \, and the 
covolume », by the relation 


Pm = A)/ (1 — nA) (3) 


Observed values of Pm obtained through 
varying A are easily treated by rearrang- 
ing Eq. 3 to give 


1/A=d/P+ 7 (4) 


so that a plot of 1/4 versus 1/P gives a 
slope \ and intercept 7. 

One effect of graphs that contain one 
of the variables in both ordinate and 
abscissa is to give a smoothing effect 
that conceals real variability which may 
exist. The case of nonlinear relations 
plotted on logarithmic paper is even 
more important, since the combining 
of variables may suggest exponents of 
the terms that are different from those 
found when the variables are properly 
separated. 

JAMES H. WIEGAND 
4032 Las Pasas Way, 
Sacramento, California 


Wiegand’s Eq. 2 is one of the three 
possible linear nonlogarithmic equations 
for the graphical determination of the 
kinetic constants of a reaction of the 
type 


X¥+Y2xXY 


whereby X is titrated with Y. The three 
forms were first proposed (but not pub- 
lished) by Woolf (see 7) for the esti- 
mation of the maximal rate and the 
Michaelis constant of an enzymic re- 
action. The plot of 1/(XY) versus 
1/(Y) was first applied to actual cases 
by Lineweaver and Burk (2). 


The latter procedure, like the one in 
which (Y) is plotted versus (Y)/(XY), 
has the disadvantage that it overem- 
phasizes experimental points on one 
side of the curve at the cost of those 
on the other side and thus tends to 
produce a lopsided stretching that ob- 
scures experimental errors and , devia- 
tions from theory (3-5). Furthermore, 
it does not allow the summation of the 
curves of simultaneous reactions in- 
volving Y (4, 6). 

The (XY) versus (XY)/(Y) plot, 
not inverted with respect to (XY), does 
not have these disadvantages. Like the 
semilogarithmic plot of (XY) versus 
pY, it is symmetrical with respect to the 
“halfway point” corresponding to K. 
It allows all the data between (Y)—> 0 
and (Y)— © to be plotted on a finite 
scale between the two limiting values 
P=(X)+ (XY) and P/K that are 
given by the intercepts with the co-ordi- 
nates. The noninverted plot also demon- 
strates more clearly whether the data 
justify such extrapolation. 

The fact that the two variables are 
not separated on the co-ordinates does 
not detract from the value of the plot, 
at least not when (Y) is known ac- 
curately, as, for instance, in the case of 
hydrogen ion concentration in acid base 
titrations and the substrate concentra- 
tion in isolated enzyme systems, for 
which the plot has been recommended. 
In such cases the experimental points 
may be placed on pre-established lines 
through the origin corresponding to the 
various values of (Y). Errors in the 
measurement of (XY) simply displace 
the experimental points along such 
lines, which, in fact, represent a separate 
scale for (Y). The points can be ex- 
pected to lie in a zone that, in contrast 
to the case of the 1/(X) versus 1/(XY) 
plot, runs parallel to the theoretical 
curve (5). 

In cases where the error in the 
measurement of both (Y) and (XY) 
must be considered, it would indeed be 
more convenient to have the two 
variables separated on the co-ordinates. 
However, on account of the drawbacks 
of the 1/(Y) versus 1/(XY) plot dis- 
cussed above, it would seem preferable 
in these cases also to apply the non- 
inverted plot and to use the lines through 
the origin to separate the variables for 
the purpose of weighting of data. 

B. H. J. HOFSTEE 
Palo Alto Medical Research 
Foundation, Palo Alto, California 
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Beckman 
Scientific and Process Instruments Division 
| Beckman Instruments, Inc. 
2500 Fullerton Road, 


131 


PHOTO BY WILL CONNELL 


Push button ease in titrations, redox measurements and pH determinations is yours with a Beckman 
Zeromatic* pH meter. % The Zeromatic is shown with one of Beckman’s new Combination Elec- 
trodes easily performing a neutralization titration. Thousands of titrations can be done by this 
modern pH-endpoint method. The Zeromatic’s millivolt scale adds even more versatility, making 
possible complete millivolt titrations without range changes over any 1400 mv span between +1400 
mv. % Recorder or automatic temperature compensator hook-up can be made in seconds. The line- 
operated Zeromatic automatically eliminates zerodrift and standardizing between readings, mak- 
ing measurements more reliable. Accuracy of 0.1 pH and reproducibility of 0.02 pH are guaranteed. 
The Zeromatic is available for immediate delivery from 99 laboratory apparatus dealer locations in 
the U.S. and Canada. Ask for a demonstration, or write us today for Zeromatic Data File 38-16-01. 

Beckman: 225% 
Scientific and Process | Instruments Division 3 a 

Beckman Instruments, Inc. 8-0 
2500 Fullerton Road, Fullerton, California 


ULTRAVIOLET AND INFRARED SPECTROPHOTOMETERS * GAS CHROMATOGRAPHS * pH METERS + ELECTROCHEMICAL INSTRUMENTS 
SALES AND SERVICE FACILITIES ARE MAINTAINED BY BECKMAN/INTERNATIONAL DIVISION IN FIFTY COUNTRIES 
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SAUNDERS 


Romer—The Vertebrate Body 


Second Edition!—This popular college text in comparative 
anatomy gives tlie student a sound and interesting account of 
the vertebrate body. Dr. Romer describes the varied forms 
which this versatile and plastic structural type has assumed 
during its long evolutionary development. The treatment is 
truly comparative, without overemphasis on human structure. 
Embryological, paleontological, histological and evolutionary 
material is woven all through the text. 


390 illustrations help the student see beyond those observa- 
tions he has made in the laboratory. Function is considered 
to aid in understanding the relations of the various systems 
within the animal and the animal in relation to its environ- 
ment. 


Teaching aids include supplementary references and appen- 
dices on Synoptic Classification of Vertebrates and Scientific 
Terminology. 

By ALFRED SHERWOOD ROMER, Alexander Agassiz Professor of Zoology and 


Director, Museum of Comparative Zoology, Harvard University. 644 pages, 
6” x 9”, with 390 illustrations. $7.00. Second Edition! 


Romer—Shorter Version 
of the Vertebrate Body 


This book is a shorter version of Dr. Romer’s text (above) 
and was specifically designed for short courses in comparative 
anatomy. It is not merely an abridgement achieved by scissors 
and paste, but a condensation by careful rewriting. 


All of the 390 excellent labeled illustrations in the longer 
book are retained in this one. The first three chapters includ- 
ing introductory material on the vertebrate body plan, the 
natural history topics, discussions on family trees, and the 
handy appendices are reproduced without change. 


The Shorter Version of the Second Edition of The Vertebrate Body. By 
ALFRED S. ROMER. 486 pages, with 390 illustrations. $5.50. 


New (2nd) Edition! 
Walker— 
Vertebrate Dissection 


Designed to accompany any compara- 
tive anatomy text, this practical lab- 
oratory manual compares the systems 
of three levels of organisms. It 
thoroughly studies the dogfish, mud- 
puppy, cat and rabbit. 


Dr. Walker gives unusually clear direc- 
tions for dissection so that students are 
able to work in the laboratory with a 
minimum amount of help from the in- 
structor. Many directions have been 
rewritten and clarified for this New 
(2nd) Edition. 


Brief textual material is included to 
summarize evolutionary tendencies, 
point out functions of certain organs, 
and to make the laboratory work more 
meaningful. 


60 new line drawings have been added 
in this New (2nd) Edition to aid the 
student in finding and remembering 
structures. Many of these show not 
only the organs being considered: but 
the relationship of these organs to sur- 
rounding parts. 


Flexibility has been the author’s aim 
throughout the manual. Enough ma- 
terial is included for an_ intensive 
course, but directions are written so 
that portions can be omitted. The 
page size of the manual has been en- 
larged to 814” x I1”. 

By WARREN F. WALKER, JR., Ph.D., Professor 
of Zoology, Oberlin College. 332 pages, 8%” x 


11”, with 105 illustrations. 
New (2nd) Edition—Just Ready! 


New (5th) Edition'—Harrow et al.—Biochemistry Lab Manual 


This helpful manual describes with pin-point precision the 
step-by-step procedures for 186 experiments in biochemistry. 
It can be used successfully with any standard textbook in bio- 
chemistry. You'll find that it fully satisfies the requirement 
of a two-semester course. 


Extensively revised and amplified for the New (5th) Edition, 
the experiments in the manual now require less laboratory 
supervision by the instructor. Short discussions of the chemis- 
try of various tests, together with appropriate formulae have 


been included at the request of many teachers. Many interest- 
ing new experiments have been added for this edition. In- 
cluded among them are those on: estimation of succinic acid 
dehydrogenase activity—preparation of a crystalline protein, 
ferritin—use of the Beckman model DU spectrophotometer— 
the preparation of rabbit anti-ferritin serum to illustrate 
quantitative immunochemical procedures. 

By BENJAMIN Harrow, ERNEST BOREK, ABRAHAM MAzurR, GILBERT C. H. 


STONE, HARRY WAGREICH. 169 pages, 6” x 94”, illustrated. Wire binding. 
$3.25. New (Sth) Edition! 


Books gladly sent to college teachers for consideration as texts 


W. B. SAUNDERS COMPANY, West Washington Square, Philadelphia 5 
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Gea, Daughter of Chaos 


Geology is the study of the earth, selenology the study of the 
moon. But what shall we call the study of Mars, of Venus, of one of 
the moons of Jupiter? Geocentric purists would restrict geology, and 
all the other terms that begin with geo, to the earth, and require the 
coinage of a new glossary for each other planet and moon. Before 
we really escape the earth’s atmosphere, let us consider the terms 
we may best use to discuss the origin of planets and moons, their 
histories, and the processes that molded their surfaces. 

We already have 60 or 70 accepted terms beginning with geo, not 
counting variant endings: geology, geomorphology, geophysics, geo- 
chemistry, etc. It is easy to construct a parallel list for another body, 
say Jupiter’s moon Ganymede: ganymedology, ganymedomorphology, 
ganymedophysics, ganymedochemistry, etc. (Where, incidentally, 
would we switch from one list to the other? At what point in space 
would a geophone become a ganymedophone?) But our work is just 
begun. Multiplying the geo glossary to describe eight other planets and 
their 30 moons would require some 2500 new terms, and we haven't 
even mentioned the asteroids or left our own solar system. Truly the 
vocabulary could become astronomical. 

We could coin a new glossary for each planet and moon, but let us 
reject this solution. It can appeal only to one who loves neology more 
than geology. 

Geology and the geo terms can be extended from their earthly 
meaning to cover similar processes and features of other cosmic 
bodies. And the extension seems reasonable, for the most profound 
aspect of natural phenomena is .their dependence upon generally 
operative processes. 

Wherever they occur, a caldera is a caldera, sulfur is sulfur, and a 
reverse fault is a reverse fault. True, gravity, the atmosphere, and 
other local conditions will vary from one cosmic body to another, 
and these variations will influence the manifestation of underlying 
processes. But as these differences become known, they can be 
described; and surely our understanding of both the differences and 
the underlying similarities would be blighted by an indexing system 
that required expansion after expansion as we become acquainted 
with more and more of our cosmic neighbors. The vocabulary should 
be a help, not a confounding nuisance. 

Extending geology to other bodies is not really likely to lead to 
confusion, for research on extraterrestrial bodies will have to be 
conducted on or near specific surface areas, and these areas will have 
to be named. No one can now write a technical paper on “The 
geology of the earth”; he must at least limit it to something like “The 
geology of the so-and-so Quadrangle, California, U.S.A.” Would not 
the title “The geology of the so-and-so Quadrangle, Red Blazes, 
Mars” be clearer than “The marsology of the . . .”? A definitive, 
worthwhile study will be on a particular area, and the title will 
specify the area, be it terrestrial or extraterrestrial. Only one new rule 
is necessary: agreement that geo terms be followed by of when they 
are applied to moons or other planets. If this is done, “The geology of 
Venus” will be as clear and understandable as “The geology of 
Patagonia.” 

Perhaps it is well to remember that the word geologia was first used, 
in 1473 by the Bishop of Durham, to distinguish lawyers, who study 
earthly things, from theologians. The word has already changed 
meaning; it is not sacrosanct. If, instead of recognizing a simple 
mutation, we coin a new glossary for each new body, it will be 
fitting indeed that in Greek mythology Gea, the goddess of earth, 
was the daughter of Chaos.—Jack GREEN, Aero-Space Laboratories, 
North American Aviation, Inc., Downey, California; DAEL WOLFLE, 
AAAS. 
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Combine Kimble hard and soft glass 
for maximum discounts 


Now ... it’s easier to qualify for maximum 
discounts offered by laboratory supply dealers 
and realize substantial savings. 

Because, now you may combine your hard 
(Kimax) and soft (standard flint) glass tubing 
and rod orders. 

Ask your Laboratory Supply Dealer about 
the many new sizes available from Kimble 


KIMBLE LABORATORY GLASSWARE 
AN (1) PRODUCT 


which give you a complete selection of hard 
and soft glass tubing and rod. It’s all part of 
the Kimble expansion program. 


The complete Kimble line of tubing and rod 
is listed in Catalog Supplement SP-57. 


For your copy, write to Kimble Glass Co., 
subsidiary of Owens-Illinois, Toledo 1, Ohio. 
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CURRENT PROBLEMS IN RESEARCH 


Randomized Cloud Seeding 


in Santa Barbara 


The effectiveness of cloud seeding during a period 
of three years is statistically evaluated. 


Jerzy Neyman, Elizabeth L. Scott, Marija Vasilevskis 


To our knowledge, the Santa Barbara 
project has unique status in- weather 
control studies in that it is a randomized 
experiment designed to test the effec- 
tiveness of cloud seeding from ground- 
based silver iodide generators. The 
experiment was conducted over three 
seeding seasons, in 1957, 1958, and 
1959, and the present article gives a 
brief summary of the results (7). More 
details are available in a mimeographed 
report issued by the Statistical Labo- 
ratory, University of California, Berke- 
ley. 

The organizational outline of the 
Santa Barbara project was published 
at the outset of the experiment (2). 
Briefly, North American Weather Con- 
sultants, Inc. (NAWC), of which Robert 
D. Elliott is president, conducts the 
seeding operations, using ground gen- 
erators; the California State Depart- 
ment of Water Resources is responsible 
for maintenance of rain gages, obtained 
on loan from the U.S. Weather Bureau, 
and for the collection of data; and the 
Statistical Laboratory of the University 
of California, Berkeley, is responsible 
for the randomization of. the experi- 
ment and for the statistical evaluation, 


The authors are on the staff of the department 
of statistics and of the Statistical Laboratory, 
University of California, Berkeley, 
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Experimental Procedure and 
Method of Evaluation 


Figure 1 is a map showing the two 
main targets of the seeding operations 
and the three control areas. The main 
targets are the county of Santa Barbara 
and the adjoining county of Ventura. 
The three control areas are (A) the 
Channel Islands, (B) the San Simeon-— 
Cape San Martin area, and (C) the San 
Luis Obispo—Morro Bay area. In the 
course of study it was found expedient 
to combine the originally designated 
area B with an extension to the east, 
including a part of the Salinas Valley. 
(This extended control is symbolized 
elsewhere in this article by BS.) Solid 
circles, with various symbols attached 
to them, mark the location of rain 
gages. 

The basic experimental procedure is 
as follows. The seeding season, Janu- 
ary through April of each year, is 
divided into 12-hour periods, each from 
10 o’clock to 10 o’clock, termed “units 
of observation.” Some time before the 
beginning of each 12-hour period or 
unit of observation, the NAWC de- 
cides whether this unit is suitable for 
seeding operations. If the decision is 


in the affirmative, then this unit of 
observation is labeled a “seeding op- 
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portunity.” Between 8 and 9 o'clock, 
morning and evening, the NAWC con- 
tacts the Statistical Laboratory by tele- 
type and communicates its decision as 
to whether the forthcoming unit of 
observation is or is not a seeding op- 
portunity. Also, in the affirmative case, 
the NAWC indicates which of the three 
control areas are “appropriate” for use 
during the given seeding opportunity. 
These are the control areas which the 
NAWC expects will not be con- 
taminated by seeding over the targets. 
Upon receiving these messages, the 
Statistical Laboratory communicates to 
the NAWC its randomized decision: 
“seed” or “do not seed.” 

The evaluation of the experiment, 
by a method agreed upon at the outset 
of the project, is based on the precipita- 
tion recorded in the target areas for all 
periods designated “seeding opportuni- 
ties” and for no others. The amounts 
of precipitation recorded in the target 
areas are compared with the amounts 
falling simultaneously in the “appropri- 
ate” control areas. 

Basically, two kinds of statistical 
evaluations were made; for one, the 
so-called normal theory used; 
for the other, nonparametric methods. 

In order to stabilize the conditional 
(residual) variance of the measure of 
target precipitation, given the precipita- 
tion in the appropriate control area, the 
amounts of rain in each subtarget area, 
observed for the particular seeding op- 
portunities and averaged over the cor- 
responding rain gages, were replaced by 
their square roots. These square-root 
measures were then used for the re- 
gression analysis. Specifically, in order 
to decide whether there was any effect 
at all from seeding, the familiar F-test 
was used to test the hypothesis that the 
target-control linear regressions cor- 
responding to seeding opportunities in 
which there was seeding (“seeded seed- 
ing opportunity”) coincided with cor- 
responding regressions for seeding 
opportunities in which there was no 
seeding (“nonseeded seeding oppor- 
tunity”). Subsequently, the regression 
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equations computed with the square- 
roots of precipitation measures for 
“nonseeded seeding opportunities” were 
used to estimate the square-roots of 
target precipitation to be expected for 
“seeded seeding opportunities” if there 
were no seeding. These estimates were 
recalculated in terms of inches of rain- 
fall and, after an appropriate correction 
had been made for bias due to the 
transformation of variables, were com- 
pared with the actual precipitation in 
target areas during each seeding oppor- 
tunity in which seeding was carried out. 
The differences between these two 
quantities, averaged over all seeding 
opportunities in which seeding was car- 
ried out, represent estimates of the 
average effect of seeding. 

This procedure was used because it 
was familiar and relatively easy. How- 
ever, because of the various well-known 
uncertainties regarding the applicability 
of normal theory to precipitation data, 
even if the data are expressed in square 
roots, a parallel, but much more labori- 
ous, evaluation was performed, leading 
to a randomization test of the hy- 
pothesis that the seeding had no effect. 


Three Years of Operations 


The history of the Santa Barbara 
Project illustrates the difficulties that an 
experiment of considerable scope, 
planned to cover several years, is likely 
to encounter, particularly if it is to be 
conducted not by a large single insti- 
tution, where decisions are centralized, 
but by a cooperative arrangement of 
several organizational units with heter- 
oOgeneous interests. 

Some of the difficulties would have 
been experienced at the start of any 
large project, regardless of the organi- 
zational setup. The terrain of the in- 
terior of the Santa Barbara target area 
is very rugged (Fig. 2), the installation 
and servicing of rain gages presented 
many difficulties. Eventually, particu- 
larly in bad weather, the gages were 
serviced by helicopter. Similar difficul- 
ties were encountered in installing and 
servicing the gages located in the Chan- 
nel Islands, which are practically unin- 
habited. As a_ result, the official 
beginning of the experiment was moved 
from 1 January to 10 January 1957. 
However, even after that date some 
gages were not in operation, and data 
from many of the gages are incomplete. 
In a few instances the rain gages ap- 
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peared to have been used as targets for 
practice shooting and were damaged by 
bullets. In trying to include the maxi- 
mum number of seeding opportunities 
in the evaluation, we found that, out 
of the 31 gages installed in the county 
of Santa Barbara in 1957, we could 
use only the 13 for which there are 
continuous usable records over all three 
seasons. By “usable records” is meant 
not only clear-cut records on the chart 
but also those records where, because 
of late servicing, the gages recorded, 
over longer periods of time, accumula- 
tions which could be “distributed” 
convincingly among the several adjoin- 
ing units of observation. 

As mentioned above, such difficulties 
are intrinsic parts of setting up a metic- 
ulously efficient machinery for servicing 
gages in a mountainous region and 
could hardly be avoided in the working 
of any young organization. However, 
the Santa Barbara project met with 
certain other difficulties which might 
have been avoided if the experiment 
had been conducted by a single power- 
ful scientific organization. __ 

At the outset, in 1957, the experiment 
was concerned with just one target, the 
county of Santa Barbara, and there was 
no seeding in the adjoining areas. The 
seeding opportunities were randomized 
in two categories only, “seeded” and 
“not seeded.” In 1958 there was a 
significant change in this situation, 
brought about by the sudden decision 
of the Board of Supervisors of Ventura 
County, just east of Santa Barbara, to 
conduct seeding operations in their 
area. The contract for seeding went 
to the NAWC, and some sort of coop- 
erative arrangement with the Santa 
Barbara project was anticipated. 

The inclusion of Ventura County in 
a single cloud seeding project, combined 
with the project in Santa Barbara, 
opened very interesting possibilities. 
The questions of whether seeding oper- 
ations conducted in one area affect the 
precipitation in an adjoining area, and 
if they do, in what sense, are important 
practically and interesting theoretically. 
By an appropriate adjustment of the 
seeding schedules in Santa Barbara and 
in Ventura, in experiments of reason- 
ably long duration, at least a partial 
answer to these questions could be ob- 
tained. For this reason, the Statistical 
Laboratory was enthusiastic about the 
forthcoming seeding operations in 
Ventura County and suggested that 
these operations be subjected to fac- 


torial randomization. Under this de- 
sign, all the seeding opportunities would 
have been randomly divided into four 
categories: (i) no seeding in either 
county; (ii) seeding in Santa Barbara 
but no seeding in Ventura; (iii) no 
seeding in Santa Barbara but séeding in 
Ventura; and (iv) seeding in both 
counties. 

The relationship symbolized by [(ii) — 
(i)] would indicate the effect of seeding 
in Santa Barbara in the absence of 
seeding in Ventura. This effect could 
have been estimated separately for both 
targets. Again, the relationship sym- 
bolized by [(iv) —(iii)] would provide 
estimates of the effect of Santa Barbara 
generators when seeding was being 
carried out concurrently in Ventura. 
The relationships [ (iii) — (i) ] and [(iv) — 
(ii)] would give the effects, respec- 
tively, of the Ventura generators in the 
absence of, and concurrently with, seed- 
ing in Santa Barbara. 

Unfortunately, in part because an 
extended drought was afflicting Ventura 
County, the advice of the Statistical 
Laboratory was not followed, and in 
1958 seeding operations were conducted 
in Ventura County at every opportunity. 

In 1959 there was a salutary change 
in the design; seeding operations in 
Ventura were combined with those in 
Santa Barbara into a single factorially 
randomized experiment. Unfortunately, 
1959 proved to be an exceptionally dry 
year, with only nine seeding opportuni- 
ties. The data for about one-half of 
these opportunities can be combined 
with data for 1957 to provide estimates 
of the effects of seeding averaged over 
1957 and 1959. Combination of the 
other half with the data of 1958 pro- 


. vides estimates of the different effects 


of seeding averaged over 1958 and 
1959. There are obvious difficulties of 
interpretation. 


Estimates of Average 
Effects of Seeding 


The evaluation was performed 
separately for six subtarget areas in the 
counties of Santa Barbara and Ventura. 
In each case an effort was made to 
evaluate the effects of the two separate 
sets of silver-iodide generators, one in- 
tended to increase rainfall in Santa 
Barbara, the other to increase rainfall 
in Ventura. The effects of seeding on 
rainfall in Ventura were generally 
statistically nonsignificant. On the other 
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Fig. 1. Locations of recording rain gages. 


Fig. 2. Part of Los Padres National Forest in Santa Barbara County, showing the rugged terrain of the target area. [David Muench] 
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Table 1. Estimates of the average effect of seeding by Santa Barbara generators. 


In the absence of seeding in Ventura 


(1957, 1959) 


In the presence of seeding in Ventura 
(1958, 1959) 


Control is Precipitation Increase A Precipitation Increase 
area expected ascribable expected ascribable 
seeded without to venee without to 
Precipitation seeding seeding jon seeding seeding 
(in) (in.) (%) (in.) (%) 
Target: Santa Barbara (entire) 

A, BS 0.37 0.16 5 -69 0.76 —8 
A 0.37 0.17 +113 0.64 0.62 +3 
BS 0.30 0.20 +45 0.67 0.77 —13 

Target: Santa Barbara (N.W.) 

A, BS 0.21 0.07 +186 0.48 0.47 +2 
A 0.21 0.07 +199 0.45 0.41 +10 
BS 0.18 0.10 +70 0.41 0.45 -9 


hand, the differences in precipitation 
from seeded and from nonseeded clouds 
as observed in Santa Barbara appeared 
to be significant. In fact, an over-all 
test indicated that similar or greater 
differences could be produced by chance 
alone with probability of 0.06. Samples 
of the relevant results are given in 
Tables 1 and 2, and one of these sets 
of results is illustrated in Fig. 3. One 
set of results refers to the whole target 
of Santa Barbara; the other, selected 


for its high values, refers to the sub- 
target Santa Barbara North-West 
area. 


As mentioned at the outset, for the 
evaluation of the experiment, three dis- 
tinct control areas were contemplated, 
A, BS and C. However, area C was 
so rarely appropriate that it could not 
be used. Because of the general paucity 
of data, three evaluations were made 
for each of the target areas: in the first, 
seeding opportunities for which both 
control areas A and BS were appro- 
priate were used; in the second, all 
the seeding opportunities (there were 
a few more of them) for which area A, 
but not necessarily BS, was appro- 
priate; and finally, the seeding oppor- 


tunities for which control area BS, but 
not necessarily A, was appropriate. 
Thus, the results for the three rows 
grouped together in Tables 1 and 2 
are not independent. 

In interpreting these tables it is neces- 
sary to keep in mind the conditions under 
which the experiment was conducted. 
In this respect there is an important 
difference between the two tables, and 
this difference suggested the desirability 
of making two tables rather than one. 
In Table 1, each group. of three 
columns, taken by itself, is unaffected 
by confounding and, therefore, if the 
Teliability of the records of the rain 
gages is taken for granted, represents 
the effects directly ascribable to seed- 
ing. In fact, the average precipitation 
from cloud seeding in the target area 
given in Table 1 was computed from 
observations on seeding opportunities 
selected at random for seeding opera- 
tions out of the same seeding-oppor- 
tunity population which served for 
estimating the amounts of rain that 
would have fallen without seeding. In 
the evaluation of the effect of the Santa 
Barbara generators in the absence of 
seeding in Ventura, the seeding-oppor- 


Table 2. Estimates of the average effect of seeding by Ventura generators. 


In the absence of seeding in 
Santa Barbara 


In the presence of seeding in 
Santa Barbara 


Control Precipitation 


Precipitation 


Pome Av. seeded expected Increase Av. seeded expected Increase 
precipitation, without ascribable precipitation, without ascribable 
1958, 1959 seeding to seeding* 1958, 1959 seeding to seeding* 
(in.) 1957, 1959 (%) (in.) 1957, 1959 (%) 
(in.) (in.) 
Target: Santa Barbara (entire) 

A, BS 0.65 0.29 +124 —39 
A 0.62 0.31 +101 0.64 0.91 —30 
BS 0.65 0.26 +145 0.67 0.85 —21 

Target: Santa Barbara (N.W.) 

A, BS 0.44 0.08 +432 0.48 0.51 -7 
A 0.42 0.08 +410 0.45 0.43 , +3 
BS 0.41 0.12 +237 0.41 0.39 +6 


* Or to a change in the experimental conditions between 1957, 1959 and 1958, 1959, 
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tunity population consisted mainly of 
seeding opportunities that occurred in 
1957, plus a few that occurred in 
1959. In the evaluation of the effect 
of the Santa Barbara generators when 
seeding was. being carried out concur- 
rently in Ventura, the population con- 
sisted of seeding opportunities that 
occurred in 195@ plus a few that oc- 
curred in 1959. As a result, it is the 
comparison between the two three- 
column groups in Table 1 that is 
affected by confounding, not the con- 
tents of the two groups taken separately. 
The difference between the two groups 
may be due to the occurrence or lack 
of seeding in Ventura or to a change 
in the experimental conditions in 1957 
and in 1958—perhaps to a change in 
the pattern of weather. 

The situation reflected in Table 2 is 
much more complex and much less 
satisfactory. Here the amounts of rain 
to be expected in the absence of seed- 
ing by the Ventura generators were, of 
necessity, computed mainly from 1957 
data. These expectations were then com- 
pared with data for precipitation from 
cloud seeding which occurred mainly in 
1958. Hence, the ambiguity of interpre- 
tation. In order to avoid this ambiguity, 
the experiment should have been con- 
ducted with a factorial randomization 
over the whole of its duration, 1957- 
1959. 

In spite of these shortcomings, the 
results given in the two tables are very 
interesting. If the reliability of data is 
granted, Table 1 indicates the possi- 
bility that extremely unexpected year- 
to-year differences in the effects of 
seeding occur. In 1957-1959, when 
there was no seeding in Ventura, the 
Santa Barbara generators appear to 
have produced increases in rain amount- 
ing to as much as 199 percent of what 
was to have been expected without 
seeding (3). On the other hand, in 
1958-1959, when seeding was going 
on in Ventura, the effect of the Santa 
Barbara generators appears to have 
been nil. The cause of this difference 
has not been determined, and it repre- 
sents an important subject for further 
studies. 

Table 2 is also interesting, even 
though its interpretation is ambiguous. 
One possible interpretation of the first 
three columns of Table 2 is that, when 
there is no seeding by the Santa Bar- 
bara generators, the seeding by the 
generators in Ventura is very effective 
in increasing rain in Santa Barbara, the 
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Fig. 3. Effects of seeding in Santa Barbara and Ventura counties. (Crosses) Seeded; (dots) not seeded. 


1077 


of 
in 
len 

ur- 
hat 
the 
ee- 
on- 
Ups 
ack 
nge = 
57 
is 
less 
ain 
ed- 
57 
ym- 
om 
yin 
ity, 2 
on- 
‘ion 
the 
ery 
a is 
yssi- 
of 
hen 
the 
t 
unt- 
shat 
out = 
in 
ing 
anta 
ave 2 
nce 
pre- 
ther 
ven 
first 
yhen 
Bar- 
the 
tive : 
the 
131 


indicated 
much as 400 percent of what would 
have fallen if the Ventura generators 
had been inactive. The other possible 
interpretation is that the storms of 1957 
were in some way different from those 
in 1958 and that the target-control re- 
lationships of precipitation from these 
two types of storms were very different. 
This phenomenon of the dependence of 
the target-control relationship on the 
type of storm has been noted else- 
where (4). 


increases amounting to as 


In order to make the results of Tables 
1 and 2 more graphic, Fig. 3 was con- 


structed. It gives the scatter diagrams 
of precipitation from seeded and from 


nonseeded clouds in the subtarget Santa 
Barbara North-West area and in control 


area A. The curves represent the pre- 


cipitation to have been expected in the 
target area in the absence of seeding by 
the generators indicated. 

The striking feature of Fig. 3 is that 
the unexpectedly high proportional in- 
creases in precipitation noted above are 
due not to very heavy amounts of rain 
on the target from seeded clouds but to 
the fact that spectacularly low amounts 
fell when there was no seeding. One 
possibility is that in 1957 (not in 1958) 
the clouds passing over Santa Barbara 
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natural 
there was very little natural rainfall and 
an unusual increase due to seeding. 


County had a marked deficiency of 


ice-forming particles, hence 


Further experimentation is needed in 


order to answer the many interesting 
questions raised by the Santa Barbara 
project. This further experimentation 
should be factorially randomized and 
should be broader than the experi- 
mentation reported here; it should in- 
clude several physical measurements 


(for example, of the density of nuclei) 


capable of supporting or contradicting 
the basic hypotheses underlying cloud 
seeding. Also, it is to be hoped that in 
these further experiments it will be pos- 
sible to install the all-important rain 
gages in locations where they can be 
serviced without undue hardship and, 
at the same time, be out of range of 
hunters engaged in target practice and 


protected from other possible inter- 
ference. 
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Quantum Phenomena in Biology 


Natural, ultraviolet, and high-energy 
radiation processes are compared. 


This article is confined to the discus- 
sion of phenomena in which the ab- 
sorption or emission of energy is clearly 
demonstrable as initiating or terminat- 
ing a sequence of biochemical events. 
Doubtless many of the “dark” proc- 
esses occurring in biological systems 
without such initiation or termination 


The author is professor of chernistry at the 
University of British Columbia, Vancouver, 
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C. Reid 


will one day be examined in terms of 
the “quantum phenomena” involved, 
but as yet few data are available about 
the participation of excited states in 
such reactions. 

Living things have evolved in a 
world where light is the only widely 
available source of energy at a high 
enough potential to excite molecular 
electrons into new energy levels. Thanks 
to various absorbing layers in the upper 


tors on 4 Sept. 1957. The estimates of the 
increase in rain ascribable to seeding were 
given in Table 4 of that report. Although 
these estimates were based on preliminary data 
then available, the general picture they pre- 
sented was very similar to that given here in 
the first three columns of Table 1; and showed 
increases in precipitation by factors of 2 and 
more. Several months later there appeared in 
print an article signed by Robin R. Reynolds, 
chairman of the board of directors of the 
Santa Barbara project [“Final Report of the 
Advisory Committee on Weather ,Control” 
(1957), vol. 2, p. 249]. In this article it is 
stated that the data of 1957 indicate an 
increase in the target precipitation due to 
seeding of about 23 percent. Also, the esti- 
mate of a 23-percent increase appears in a 
paper-bound mimeographed booklet issued by 
the North American Weather Consultants, 
dated December 1957. Both publications de- 
scribe the cooperative character of the Santa 
Barbara project, with the Statistical Labora- 
tory as one of the participants, but fail to 
indicate the source of the estimate of 23 
percent. In fact, the relevant sentences col- 
lected from page 4 of the booklet read as 
follows: “. . the statistical design and 
analysis is being conducted by the Statistical 
Laboratory of the University of California 
at Berkeley. . . . The data for the first year 
have been analyzed. . . . The average increase 
for the first season was 23 percent... .’’ We 
wish to make it clear that this estimate was 
reached and published without our knowledge 
and that it bears no relation to Table 1 of 
this article or to the preliminary evaluation re- 
ported to the board of directors of the Santa Bar- 
bara project on 4 Sept. 1957. The two publications 
in which the estimate of 23 percent is given 
came to our attention in the spring of 1959, 
at which time we registered our regret. At 
the time of this writing (November 1959) we 
were informed by R. D. Elliott that, after our 
protest in March, the NAWC circularized 
the recipients of the report of 1957 requesting 
that the estimate of 23 percent be removed. 

4. T. A. Jeeves, J. Neyman, E. L. Scott, Bull. 
Calif. State Water Resources Board Publ. 
No. 16 (1954), p. D-1. 


atmosphere, most of the small fraction 
of solar radiation of high enough 
energy to cause gross rupture of chem- 
ical bonds is conveniently filtered out, 
leaving appreciable intensity only at 
wavelengths greater than 300 milli- 
microns. Since excited molecules often 
undergo reactions which are energeti- 
cally unfeasible in the ground state, light 
is a major factor in the struggle of liv- 
ing organisms to decrease their entropy 
at the expense of the environment. It is 
not surprising, therefore, that the great 
majority of organisms—with the pos- 
sible exception of a few parasitic forms 
—make use of light energy in one way 
or another. 

Such processes we will call normal 
quantum phenomena. They may be 
characterized by the following features. 

1) Absorption of light energy is con- 
fined to special molecules, located in 
special regions of the organism. This 
is possible because none of the major 
constituents of the living cell—water, 
proteins, nucleic acids, and their build- 
ing blocks—have significant absorption 
at wavelengths greater than 300 milli- 
microns. 
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2) The principal absorbers are in- 
variably molecules with extended 7 
electron systems, which are distin- 
guished from molecules with only ¢ 
bonds by the fact that after excitation 
they remain in the excited state for ap- 
preciable periods of time before the 
energy is degraded to heat. These peri- 
ods are often long enough for the 
energy to be handed on to some other 
species (this takes only about 10™ sec- 
ond) or to be re-emitted as radiation 
(about 10° second or even longer). 

3) As far as we can judge from the 
processes so far investigated, energy 
absorbed by a given kind of pigment 
molecule is utilized or disposed of in 
a unique way. 

In these days of high-energy radia- 
tion, however, “normal” quantum 
phenomena are not the only ones to 
which organisms are subjected. Ab- 
normal irradiation may be caused by 
(i) ultraviolet light of wavelength 300 
to 150 millimicrons. Here absorption 
may still be selective (although far less 
so than in the visible region), since 
molecules differ widely in their ultra- 
violet absorption spectra. The absorbed 
energy may be so great, however, that 
many chemical bonds are broken, re- 
sulting in the production of ions, radi- 
cals, and electrons. 

As the ultraviolet energy increases 
we finally reach a wavelength at which 
water absorbs. Radiation of higher 
energy than this we classify as (ii) 
high-energy photons (ultraviolet, x, 
and y rays). Now absorption extends 
indiscriminately through the organism, 
independently of the nature of the ab- 
sorbing molecules, the radiation pene- 
trating deeper as its energy is increased. 

Or, abnormal irradiation may be 
caused by (iii) particulate bombard- 
ment (electrons or heavy particles). 
The effects of electrons are often simi- 
lar to those of high-energy photons, but 
heavy, charged particles, because of 
the high density of ions and radicals 
produced along their tracks, may have 
qualitatively different effects. 

The difference between normal and 
abnormal phenomena is schematically 
depicted in Fig. 1. 

It is clear that we must expect ex- 
tremely complex effects from high- 
energy irradiation. Not only does the 
initial indiscriminate absorption process 
result in a host of different very reac- 
tive species, but this diversity is multi- 
plied by the fact that secondary elec- 
trons of energies ranging from hun- 
dreds of thousands of electron volts 
down to thermal energies are ejected 
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from the disrupted molecules and them- 
selves proceed to do more damage. In 
view of the infinite possibilities it is sur- 


prising that any of the effects of high- 


energy bombardment are simple enough 
to be unraveled. 


Normal Effects 


Before dwelling further on this very 
complex process, I will consider the 
present status of the investigation of 
some normal quantum phenomena. 
Many excellent reviews (J) of experi- 
mental work are available, and the ob- 
ject of this article is to suggest what 
are perhaps significant trends in recent 
investigations. 

Photosynthesis. Photosynthesis de- 
serves first place in any account of 
quantum phenomena in biology, since 
it is no understatement to say that, 
without photosynthesis, life on this 
planet, if it could have evolved beyond 
very simple forms, would have been 
profoundly modified. Here we are not 
concerned with the details of the com- 
plex chain of “dark” biochemical 
events, many of which have been un- 
raveled so successfully by Calvin (2) 
and others, but with the immediate 
results of light absorption. In spite of 
the intensive work of 50 years there 
remain many unanswered questions. 
If all the energy for the reduction of 
carbon dioxide to formaldehyde (116 
kcal) is supplied by light, at least 4 
quanta of light at 680 millimicrons (the 
longest wavelength photosynthetically 
active) are required. The experimen- 
tally observed efficiency is one CO: 
molecule reduced per 6 to 8 quanta 
absorbed, a finding which suggests that 
the over-all efficiency is high. 

There seems little doubt, to judge 
from the very suggestive electron micro- 
graphs of chlorophyll grana (3) and 
the chemical evidence, that the role of 
chlorophyll is to act as photosensitizer 
in a kind of photobattery made up of 
alternate lamellae of lipid and lipo- 
protein with the chlorophyll molecules 
at the interface. Terenin and Putzeiko 
(4) have shown that various chloro- 
phylls and phthalocyanins can act as 
photosensitizers to conductivity when 
evaporated as monolayers on metallic 
oxide surfaces. While these systems 
are very different from the chloroplast, 
the work does supply an attractive 
model. Terenin’s oxides behaved as 


p-type conductors. There is no evidence 
as to whether p- or n-type conduction 
predominates in the chloroplast. 


At all events the net result is presum- 
ably that at one electrode electrons 
are available, probably converting tri- 
phosphopyridine nucleotide (TPN) to 
the reduced form (TPNH), 


TPN + H:O + e — TPNH + OH-, 


while at the other electrode oxygen is 
liberated as the ultimate result of the 
reaction of the positive charge carriers 


H:0+R*—>R+H*+°OH 
2°OH> H:0-+[0] 


The subsequent cycle (2) involving 
both TPN and adenosine triphosphate 
(ATP) suggests that the net efficiency 
of the photosynthetic process is almost ° 
85 percent for a 12-step multicycle 
process, a remarkably high value 
when compared with the quantum 
yields of most simple, in vitro, photo- 
chemical processes. The exact mecha- 
nism by which a photobattery of this 
kind might operate is still not clear. 
Presumably photoionization of the 
chlorophyll molecules (which may be 
from the triplet state) is a unidirec- 
tional process because charge separa- 
tion through the lipid layer requires 
more work than does electron migra- 
tion through the protein. 

However there is no real evidence 
to rule out a “wet cell” mechanism in- 
volving ionic conduction, and there are 
still proponents of an energy, rather 
than an electron transport, mechanism. 
I will take up the conduction band 
versus intermolecular energy transport 
controversy below, in another connec- 
tion. 

The visual process. After photosyn- 
thesis, the biological quantum phenom- 
enon which has received most atten- 
tion is probably that of vision. It is 
worth our while to review the salient 
features of this complex process, if only 
to show that without detailed knowl- 
edge of the biochemistry involved we 
are likely to oversimplify our picture 
of the physical phenomenon. The work 
of Granit and others has shown that in 
ordinary black-and-white vision the act 
of illumination triggers, by discharge 
of the rod cell membrane, what is in 
every respect a normal nerve impulse. 
The triggering mechanism is, then, 
what is unique to the visual process, 
and particularly in view of the sugges- 
tive similarity between the lamellar 
structure of the rod cell contents and 
the chlorophyll grana (5), the idea 
that we are again dealing with a con- 
duction band or excitation phenomenon 
is a very attractive one. While this may 
indeed be the case, the biochemistry 
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and stereochemistry, unraveled largely 
by the work of Wald et al. (6), is 


11-cis stereoisomer, whereas that re- 
sulting from photodissociation is the all- 


bard and Kropf (7) shows that in both 
these forms the retinene has already 


very complex. trans variety. Furthermore, two inter- been isomerized to the all-trans form, (dis 
It was established at a fairly early mediates, lumi-rhodopsin (stable below It seems, therefore, that the triggering ave 
stage that the illumination of rod cells —45°C) and meta-rhodopsin, were process is connected in some way with pers 
resulted in the dissociation of the con- found to precede the dissociation. Fi- the isomerization. Of course it is pos- tial 
jugated protein rhodopsin into the pro- _ nally, kinetic studies of the dissociation sible that this step itself only occurs - 
tein opsin and retinaldehyde (vitamin A reaction have shown that it is too slow after electron loss, and that the trigger- al 
aldehyde). It was natural to suppose to account for the rather rapid trigger- ing process could thus still be one of pre 
that the triggering mechanism resulted ing action involved in vision. simple sensitized photoconduction. No oi 
in some way from this process. It soon Attention has therefore focused on conclusive work on the photoconduc- gra 
became apparent that this was not a_ the rapidly formed intermediates, lumi- tivity of rhodopsin preparations or of pht 
simple reversible dissociation, however. and meta-rhodopsins. Contrary to ear- intact rod cells has yet been carried ph 
The retinene-forming rhodopsin is the lier suppositions, recent work by Hub- out to establish this point. Meanwhile, ob: 
ma 
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it is interesting to speculate that an 
intermolecular energy transfer process 
(discussed below) might be involved, re- 
sulting in the rapid passage of an “isom- 
erization wave” from the molecule ini- 
tially excited to the cell membrane. 

The elaboration of a trichromatic 
color-vision process in the cone cells 
presents no insurmountable problems 
once the monochromatic mechanism is 
granted, and the study is one of cell 
physiology rather than of quantum 
phenomena per se. It is interesting to 
observe, however, that none of the three 
mammalian cone-cell pigments (these 
have not yet been isolated) is rhodopsin, 
to judge from the cone-cell spectral 
sensitivity curves. 

Phototaxis, phototropism, and photo- 
periodism. None of these fascinating 
subjects has been sufficiently studied at 
the molecular level to make speculation 
as to physical mechanism very profit- 
able. In a series of ingenious experi- 
ments involving very beautiful tech- 
niques, Halldal (8) has examined the 
action spectra of a number of algae 
and concludes that they indicate that 
the active substance is not one of the 
major cell pigments (9). It has often 
been suggested that carotenoids are in- 
volved in these phenomena. It is of 
some interest that carotenoids are also 
usually associated with the chloroplast, 
so it may be that they are more uni- 
versally associated with photoprocesses 
than are the porphyrins. 

These three photoprocesses, unlike 
photosynthesis or vision, have to pro- 
vide neither a substantial energy source 
nor a response faster than could usually 
be accounted for by a chemical phe- 
nomenon. It is possible, therefore, that 
they are initiated by a simple photo- 
chemical conversion in the illuminated 
region, all subsequent processes result- 
ing from orthodox “dark” chemical re- 
actions. 

Energy transfer mechanisms. Before 
I deal with the question of abnormal 
quantum phenomena I shall say a few 
words on a subject which is relevant 
to the study of both normal and ab- 
normal phenomena and which is still 
in a somewhat controversial state. This 
is the question of “energy migration”— 
a term which is used to indicate the 
transport of energy from the region 
of absorption of radiation to a region 
somewhat remote (>10 A) from this 
point before it is used or dissipated. 
Here, however, we are concerned not 
with a series of linked chemical trans- 
formations in adjacent molecules but 
with transport without chemical change, 
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effected either by direct exchange of 
electronic excitation energy or by a 
“conduction band” mechanism. 

The first of these processes might be 
between groups attached to the same 
monomolecule, or it might be truly in- 
termolecular. The existence of some 
such transport in protein was postulated 
as long ago as 1932 by Warburg, to 
explain a peak in the 2600-angstrom 
region in the action spectrum for photo- 
transformations in respiratory enzymes. 
More recently energy transfer from 
protein to prosthetic group has been 
confirmed by Bucher and Kaspers for 
myoglobin (from observation of the 
action spectrum for carbon monoxide 
evolution), by Bannister for phycocy- 
anin luminescence, and by a number 
of workers for proteins with artificially 
attached luminescent dye molecules. A 
good review of the subject is available 
(10). All of these experiments indi- 
cated that energy absorbed in the aro- 
matic ring systems of the phenylalanine, 
tyrosine, and tryptophan components of 
the protein was being transferred to 
the heme or other pigment group. The 
assumption was made (and this is still 
not unequivocally settled) that this is 
an example of intra- rather than inter- 
molecular energy exchange. The ques- 
tion then arises as to the mechanism 
of the process. 

The first of the two possibilities which 
have been- most fully discussed is trans- 
port resulting from a solid-state phe- 
nomenon of some sort depending on 
the regular periodic (pseudocrystalline) 
nature of the protein molecule. Such a 
process results essentially from the fact 
that in a periodic structure with repeat- 
ing groups R, the configuration R*-R- 
R-R-R-X, where R* is a group which 
has just absorbed a quantum of light, 
is degenerate with (that is, has the 
same energy as) the configuration R- 
R*-R-R-R-X, and so forth. As the R 
groups are placed closer and closer to- 
gether, so that their orbitals overlap 
strongly, a conduction band appears, 
first permitting only photoconduction 
in the presence of fairly high energy 
exciting light but getting closer and 
closer to the ground state as the R-R 
distance is decreased. If X is a group 
which can successfully dispose of the 
excitation energy, and any R may be 
excited, it is clear that random trans- 
fers occurring in times that are short 
compared with the lifetime of the ex- 
cited state will result in funneling of 
energy toward X. 

Any crystalline (periodic) material 
shows photoconduction if the energies 


involved are sufficiently high, and there 
is consequently no doubt that this kind 
of phenomenon is of great importance 
in the dissipation of the high energies 
involved in “abnormal” excitation. In 
proteins, the part of the structure with 
the lowest-lying conduction band is 
probably the hydrogen-bonded network 
CFP): 


Various estimates have put the energy 
of the conduction band in this system 
at 3 to 5 volts. There is no good evi- 
dence of significant amide group ab- 
sorption above 1850 angstroms, how- 
ever, and even at this wavelength ab- 
sorption is not noticeably enhanced in 
proteins over the value calculated for 
the sum of the constituent amino acids. 
This would suggest >7 volts as a more 
probable value. There have been reports 
of a small increase in absorption around 
2400 to 2500 angstroms, which might 
be due to a delocalized amide band, 
but these cannot be considered to have 
been substantiated. We must conclude, 
therefore, that the protein “backbone” 
is not involved in the transfer of energy 
absorbed at about 2600 angstroms to 
the prosthetic groups where it finally 
appears and is certainly not involved in 
any processes involving sunlight, which 
contains a negligible intensity of radia- 
tion of wavelength shorter than 3000 
angstroms. 

This brings us to the second possible 
mechanism. Energy may be transferred 
over considerable distances between 
identical or nonidentical molecules pro- 
vided that they satisfy certain condi- 
tions without the necessity of a periodic 
structure. The principal requirement is 
that excitation energy in molecule A 
(the donor) shall reside for a reason- 
able period of time at energy levels 
exactly matching the energy levels of 
molecule B (the acceptor); that is, the 
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two states (A* + B) and (A + B*) are 
degenerate, where A* is an excited state 
of molecule A which does not too 
rapidly become degraded by competing 
processes. The criterion usually em- 
ployed to decide whether this transfer 
mechanism can occur (/2) is that the 
emission spectra of A shall overlap the 
absorption spectrum of B—that is, the 
integral 


where fe‘, is the oscillator strength for 
emission of light by molecule A at fre- 
quency » and fa’, is the oscillator 
strength (a measure of absorption in- 
tensity) for molecule B absorbing at 
frequency », shall be non-zero. This 
allows self-transfer between molecules 
A* and A in some cases. 

Confirmation of the fact that such 
a process is operative in proteins comes 
from the fact that proteins without 
prosthetic groups which contain phenyl- 
alanine, tyrosine, and tryptophan show 
luminescence spectra characteristic of 
the latter (J3). The absorption and 
emission spectra of the three are so 
situated that transfer from one to the 
other in the sequence given is to be 
expected. It is entirely reasonable to 
suppose that when a prosthetic group 
with energy levels overlapping those of 
tryptophan is present, the process con- 
tinues. Indeed, provided that the inter- 
group distances are reasonable, this 
must be the case. 

It seems, therefore, that for the case 
of the pigment-conjugated proteins— 
including most of those involved in the 
photosynthetic and respiratory processes 
—the “long-range” transfer process is 
the important one. It differs from what 
we loosely call the “conduction band” 
mechanism in that (i) the intermolec- 
ular distances are not necessarily equal 
for each transfer step, (ii) the species 
concerned need not be identical, and 
(iii) the rate of transfer is significantly 
lower than in true periodic phenomena, 
so that various other rapid deactivating 
processes may compete with it. 

It is clear that the favorable energy- 
trapping configuration should be one in 
which the sequence of aromatic groups 
is one of steadily increasing wavelength 
of absorption as we go toward the 
prosthetic group, which has the longest 
absorption wavelength of all. So far as 
I am aware, the occurrence of such 
sequences has not yet been confirmed. 
Presumably one can take the compara- 
tively high efficiency of transfer from 
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protein to prosthetic group (J4) as 
itself confirmation of the hypothesis 
that the favorable sequence occurs. 

The foregoing experiments, however, 
do not rule out the possibility that 
cooperative effects in the hydrogen- 
bonded network may be important in 
some cases. It is known that the syn- 
chronous movement of an array of 
hydrogen-bonded protons can occur in 
certain crystals and is responsible for 
the ferroelectric effect in such sub- 
stances as KH:PQ.. Recent work (1/5) 
has shown that similar effects are pos- 
sible in a molecular crystal, thiourea. 
We might well speculate that enzymes 
facilitating proton-transfer processes 
make use of such a step. 

If this were the case, the effect of 
deuteration of the enzyme should be to 
slow down very markedly the rate of 
such enzyme-catalyzed reactions. This 
is because “hydrogen bonds” involving 
deuterium are considerably weaker than 
normal H-bonds and result in consider- 
ably increased O-N_ distances. This 
should raise markedly the energy of 
the conduction band. We have carried 
out a number of experiments to test this 
hypothesis. So far no marked changes 
have been observed for the six or seven 
enzymatic reactions investigated. These 
negative results suggest that here again 
no “conduction band” type of phenom- 
ena are involved. 

The effect of the lowered conduc- 
tion band will almost certainly show up 
if the relative radiation sensitivity of 
deuterated and nondeuterated enzymes 
is examined. Here the radiation em- 
ployed is of high enough energy to 
make use of the conduction band. In 
experiments along these lines, positive 
results must still be accepted with cau- 
tion, however, since they might still 
come from the significant structural 
changes recentiy reported by Calvin 
et al. (16), stemming from the weak- 
ened hydrogen-bonding network of 
deuterated proteins. 

The role of the triplet state in bio- 
logical phenomena. The last few years 
has shown many additions to the list of 
chemical processes found to proceed 
via the triplet state. Among these per- 
haps the most significant are sensitized 
photooxidations, many of which pro- 
ceed via the pathway 


1§ — 1S" + > SOz 


Here ‘S* represents an excited singlet 
state of the molecule; *S*, the corre- 
sponding triplet; and R, the substrate 


to be oxidized. Although SO:, the 
labile oxygen complex carrying out the 
final oxidation step, might also be in 
an excited state, there is no conclusive 
evidence on this point. 

Most of the sensitized photooxida- 
tions studied have been in vitro, but 
there can be little doubt that similar 
reactions play a part in certain biolog- 
ical photooxidation processes—and pos- 
sibly even in some dark reactions, since 
the triplet levels of complex molecules 
may be only 20 to 40 kcal above the 
ground state. Direct absorption to the 
triplet state is weak, and hard to ob- 
serve, because of a rule involving the 
conservation of spin angular momentum 
which applies fairly vigorously to op- 
tical transition. Accordingly, conditions 
affecting the conversion of singlet ex- 
cited molecules to the triplet state in 
nonradiative processes are of interest 
to the biologist as well as to the chemi- 
cal physicist. This conversion is best 
brought about under the effect of the 
magnetic perturbations brought about 
by the presence of heavy atoms, or 
more particularly, by paramagnetic 
species including various transition 
metal ions and the oxygen molecule. 
Kasha and Becker (17) have shown, 
for instance, that the luminescence of 
various porphyrins and porphyrin-like 
molecules is largely from the singlet 
state in the metal-free compound or in 
diamagnetic metal derivatives, but that 
the longer-lived triplet emission appears 
in the case of paramagnetic metal de- 
rivatives. Since it is still uncertain 
whether the photo-ionization of chloro- 
phyll (if indeed photo-ionization oc- 
curs) is from the singlet or triplet state, 
or whether the triplet state plays any 
role in the reactions of the oxygen- 
carrying porphyrins, further investiga- 
tion of this subject seems desirable. 

What we can say with certainty is 
that molecules in the triplet state are 
very likely to take part in chemical 
reactions because of their long lifetimes 
(10* second and up) as compared with 
singlet states which (although they may 
be equally reactive chemically) usually 
return to the ground state with emission 
of radiation in less than 10° second. 
Furthermore, in the case of bombard- 
ment with high-energy radiation, when 
ions, radicals, and excited molecules are 
formed in profusion, the fields of ions 
and of radicals with unpaired electrons 
must facilitate singlet-triplet conversion, 
so triplet-state reactions no doubt play 
an important part in the gross reorgani- 
zations which take place after irradia- 
tion. 
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Still comparatively little is known 
about the behavior of triplet-state ex- 
cited molecules in partly oriented 
aqueous systems. Triplet-state molecules 
would appear to be particularly well 
adapted to play a part in reactions at 
interfaces. 


Abnormal Effects 


It is still too early for the general 
picture of high-energy radiation effects 
to be very clear at the molecular level. 
There are, however, a number of phe- 
nomena associated with lethal ultra- 
violet irradiation which have received a 
good deal of attention. Among these I 
will discuss photodynamic action and 
photoreactivation. 

Photodynamic action. This term has 
been applied to lethal or inhibiting 
effects occurring in living organisms 
when they are irradiated with ultra- 
violet or even visible light in the 
presence of oxygen plus some sensitiz- 
ing substance, often an added dye but 
sometimes a natural pigment. 

It seems very probable that the me- 
chanism of photodynamic action is 
often, if not always, the same as the 
mechanism already mentioned in con- 
nection with reactions of the triplet 
state—namely, that the dye molecule 
absorbing the light energy goes into the 
triplet state and the triplet molecule 
reacts with oxygen to form a complex 
more efficient than free oxygen as an 
oxidizing agent. It seems that after the 
oxidation step the dye molecule may 
be used again in the cycle, since the 
reaction kinetics show zero-order de- 
pendence on dye concentration. The 
fact that the lethal effects of radiation 
often become apparent during cell divi- 
sion led many investigators to the con- 
clusion that the “oxygen effect” was 
simply the result of an increased rate 
of cell division. The discovery that NO, 
or cupferron, could take the place of 
oxygen rules out this idea as a complete 
explanation and focuses attention on the 
fact that all three molecules are para- 
magnetic and consequently capable of 
facilitating singlet-triplet conversion. 
Just what substances are the most sus- 
ceptible to oxidation during the photo- 
dynamic process has not been estab- 
lished. We might speculate that -SH 
bonds may be oxidized to -S—S- 
bridges, since there have been persistent 
reports of the special susceptibility of 
S-containing molecules to radiation 
damage. 

Photoreactivation. One of the most 
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remarkable phenomena connected with 
biological damage caused by ultraviolet 
light is that of photoreactivation. A very 
good review is available (18). Organ- 
isms which have been exposed to a dose 
of ultraviolet light that is usually lethal 
show a much reduced mortality rate if 
they are subsequently exposed to radia- 
tion in the visible or near-ultraviolet 
region of the spectrum. The effect ap- 
pears to be specific for damaging radia- 
tion in the wavelength range 2000 to 
3500 angstroms and is most effective 
from 2500 to 3000 angstroms. The 
reactivating wavelength is variable, pre- 
sumably because the absorbing mole- 
cule varies from species to species. In 
general, the action spectrum for reac- 
tivation shows a maximum around 
3800 angstroms, although occasionally 
the maximum is at longer wavelengths. 

The early work on photoreactivation 
was carried out on bacteria and was 
most often concerned with survival or 
multiplication rate. More _ recently, 
effects have been extended in both 
directions—through phage to in vitro 
experiments on nucleotides and to 
gross effects on mammals. It seems very 
unlikely that the reaction involved is a 
common one in all cases, in spite of 
marked similarities. So far, attempts to 
characterize either the damaged mate- 
rial or the reactivator have been incon- 
clusive. The most that can be said at 
this time -is that the damaged material 
is probably deoxyribonucleic acid, 
ribonucleic acid, or nucleotide frag- 
ments, while the reactivator is probably 
protein, which may be associated with 
a cofactor of low molecular weight. The 
variable-action spectra for photoreac- 
tivation certainly do not suggest a single 
substance, and all kinds of molecules, 
porphyrins, pterins, flavins, pyridoxal 
derivatives, and so on, have been sug- 
gested. To all of these there seem to be 
objections. 

If, as seems clear, there is a diversity 
of substances involved, we may still 
look for a mechanism common to them 
all. It is instructive to consider possible 
kinds of photodamage and the ways in 
which they might be repaired or pre- 
vented. 

1) Gross damage to a specific essen- 
tial molecule and the ill effects resulting 
from its absence. This might be the 
most difficult kind of damage to detect, 
since such a substance would have to 
be present in very small quantities to 
be depleted by small doses of ultra- 
violet irradiation. The fact that the sub- 
stance need not be the primary ab- 
sorber complicates attempts to charac- 


terize it from the action spectrum for 
damage. 

Repair in this case implies resyn- 
thesis, or the provision of an alternate 
pathway, since by gross damage we 
mean damage beyond simple repair. 
While this is possible in isolated cases, 
it seems unlikely that it could result 
in a phenomenon as widespread as pho- 
toreactivation is found to be. Further- 
more, the possibility that alternate path- 
ways are provided is unlikely, in view 
of the fact that damaged and reactivated 
species show the same radiation sensi- 
tivity as the original material. 

2) Minor damage to a substance es- 
sential to normal metabolism. Photo- - 
reactivation could then imply repair of 
the damage. The most likely possibili- 
ties would appear to be photoisomeriza- 
tion, photooxidation, or photoreduction. 
The first of these might result, for in- 
stance, from the breakage of a number 
of adjacent hydrogen bonds in a nucleic 
acid or protein with reorientation of 
rotatable groups. It is not easy to see 
what simple pathway there could be 
for photoreactivation of this effect. 

Perhaps the most plausible kind of 
repairable damage in this category 
would be damage by photooxidation, 
followed by photoreduction in the re- 
activation step. So far as I am aware, 
no such general mechanism has been 
previously considered. However, we 
know that the in vitro irradiation of 
aqueous systems with ultraviolet in the 
2500-angstrom range often results in 
photooxidation, with the formatidn of 
peroxide or some other unpleasantly 
reactive species. 

We know also that less highly excited 
molecules can (via their triplet states) 
act as oxygen scavengers, and recent 
work has shown that triplet-state mole- 
cules also react readily with peroxides 
and with molecules possessing unpaired 
electrons. 

Thus, damage and photoreactivation 
might involve the initial formation of 
a peroxide or other oxidized form by 
an oxygen reaction, followed by re- 
reduction in a direct reaction with 
triplet-state molecules formed by the 
action of visible light. 

This is an attractive hypothesis and 
might account for the generality of the 
process and the apparent diversity in 
the photoreactivating substance. On this 
model, the substance involved is simply 
whatever pigment (or other conjugated 
molecule with a fairly low-lying absorp- 
tion band) has a suitable triplet state. 

3) Photodamage in which the pres- 
ence of the damaged molecule (rather 
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than absence of the normal one) is the 
undesirable effect. This hypothesis 
might avoid the necessity of postulating 
that the sensitive substance is a very 
minor cell constituent and still fit a 
good many of the known facts. 

Since x-ray or other high-energy 
damage is not photoreactivable, it is 
unlikely that the undesirable species is 
an unusual ion or simple free-radical, 
since such species are produced in abun- 
dance at high energies. Again we find 
the hypothesis attractive that some pho- 
tooxidized species is most probably 
formed, and may be removed by reac- 
tion with a molecule excited by visible 
light, probably after the latter has gone 
over to the triplet state. 

In this triplet-state hypothesis we 
cannot entirely rule out the reverse 
process—that the triplet molecule first 
reacts with oxygen to form a labile 
oxygen carrier able to oxidize a mole- 
cule photoreduced in the initial ultra- 
violet irradiation. On the whole, this 
process seems less probable than that 
suggested first, however. If it did ac- 
tually occur, it seems likely that the 
peak in the action spectrum for photo- 
reactivation might correspond to a peak 
for photodynamic killing. Although 
such a correlation has not been seri- 
ously investigated and therefore can- 
not be ruled out, there is no evidence 
to suggest that it occurs. This suggests 
that any triplet state-oxygen adduct 
formed is a harmless one and encour- 
ages us in the belief that the photoreac- 
tivation adduct is also harmless and 
that the triplet state may thus act as a 
scavenger of lethal oxidation products 
or radicals. 

Damage by high-energy radiation. I 
do not propose to discuss this area in 


any detail, since, although an immense 
amount of work has been done, only 
the most general statements can be 
made about mechanism. The situation 
at present seems to be that we cannot 
even say with confidence what the major 
damaging effects are. The chromosomal 
apparatus, being delicate and fairly 
easily observed, has received a great 
deal of attention. If we try to visualize 
the outcome of the passage of a densely 
ionizing particle through an ordered, 
hydrogen-bonded macromolecule pos- 
sessing a number of easily oxidized, 
reduced, or fragmented groups, the sit- 
uation is understandably complex. We 
may expect radical recombinations of 
the fragmented backbone to cause gross 
changes which may be reflected at the 
microscopic level. Secondary electron 
bombardment will cause electron ejec- 
tion and consequent oxidation of groups 
unaffected by normal oxidizing agents. 
Configuration changes or denaturation 
may occur because of gross breakage 
of many adjacent hydrogen bonds. Re- 
ducible groups will act as traps for slow 
electrons, and the delicate charge bal- 
ance of the molecule will be severely 
upset. Very reactive free-radical frag- 
ments will attack undamaged species, 
producing macromolecules not normally 
encountered biologically. Superposed 
on these direct effects, the well-investi- 
gated “indirect effects” of attack by 
hydroxyl radicals (H:O: and so on) 
formed from water will complicate the 
situation. Finally, dangerous autolytic 
processes may be induced by cell mem- 
brane discharge resulting from the un- 
usual abundance of ions and electrons. 

Many of these complex phenomena 
have been reported as identifiable re- 
sults of radiation damage. It seems un- 
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Hans Friedrich Jensen was born in 
Hamburg, Germany, on 5 July 1896, 
the son of Jens and Emmelie Jensen. 
He received his early education in 
Hamburg and served in the German 
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Biochemist 


army during World War I. It was 
not until 1921 that he received his 
Ph.D. in organic chemistry at Gotting- 
en, working under the direction of 
Adolph Windaus. From 1921 to 1922 


likely that we will obtain a very clear 
picture of their relative importance for 
a very long time, but meanwhile work 
of the kind that is in progress does 
focus attention on the biophysical as- 
pects of biological survival and may 
well prove fruitful in the study of nor- 
mal as well as of abnormal cell proc- 
esses. 
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he served as assistant at the Kaiser 
Wilhelm Institut fiir Chemie, Berlin, 
and from 1922 to 1923, as assistant at 
the University of Gdttingen. He came 
to this country in 1924 and served as 
assistant professor of chemistry at the 
University of Louisville until 1927. 
His dissertation at Gdttingen had been 
concerned with some aspects of the 
chemistry of the imidazoles, and this 
interest in heterocyclic chemistry con- 
tinued during the period of his stay at 
Louisville. 

In 1927 Jensen joined Abel’s group 
in the department of pharmacology at 
the Johns Hopkins School of Medicine 
immediately after Abel and Geiling had 
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succeeded in crystallizing insulin. In 
association with Vincent DuVigneaud 
and Oscar Wintersteiner, Jensen col- 
laborated in a series of three papers in 
which the three investigators demon- 
strated the polypeptide nature of the 
hormone. During the same _ period, 
through meeting K. K. Chen who was 
also in Abel’s laboratory, Jensen be- 
came interested in the chemistry of 
the physiologically active substances 
present in various toad poisons—an in- 
terest which resulted in a series of 
some 20 publications, of which the last 
appeared in 1937. In 1933, on Abel’s 
retirement, Jensen joined him in the 
Laboratory for Endocrine Research at 
Johns Hopkins and remained there 
until 1937, continuing work on the 
chemistry of insulin and of the toad 
poisons. 

Jensen spent the years 1937-38 in 
the Institute of Experimental Biology 
in Berkeley, in collaboration with 
Simpson, Tolksdorf, Herbert Evans, 
and others on studies concerned with 
the chemistry of the hormones of the 
anterior lobe of the pituitary. In 1938 
Jensen assumed charge of the Bio- 
chemistry Laboratory at the Squibb 
Institute, and in 1941 he became as- 
sociated with the research staff of 
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Upjohn and Company. He became a 
naturalized citizen of this country in 
1944, and from 1944 to 1947 was 
director of research with Desbergers, 
Limited, of Canada. During these 
years his interest in the chemistry and 
physiology of the endocrine principles 


Science in the News 


Salary Report Presented by 
University Professors’ Group 


American colleges and universities 
must “run fast” if they want to main- 
tain their relative positions in the salary 
survey conducted by the American As- 
sociation of University Professors, ac- 
cording to a report presented by Fritz 
Machlup of Johns Hopkins University 
on 8 April in Detroit, at the annual 
meeting of the AAUP. Machlup, who 
is chairman of the association’s Com- 
mittee Z on the Economic Status of the 
Profession, reported that for institu- 
tions submitting sufficient data for 
1958-59 and 1959-60 to be included 
in the survey, the average increase in 
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compensation for full-time faculty mem- 
bers during this period was-6.6 percent. 

The percentage increases by academic 
rank range from 6.2 percent for instruc- 
tors to 7.1 percent for professors. The 
results of the survey indicate that if this 
rate of increase is maintained, an insti- 
tution will have to make a 7-percent 
adjustment every year to retain its rela- 
tive position. 


Institutions Improve Grades 


Even more significant as an indica- 
tion of salary trends is the information 
that 75 institutions, or more than one- 
third of the 213 submitting reports 
for both years, improved their grades 
in the Average-Compensation Scale. 


resulted in the publication of some 
dozen papers. 

In 1947 he became director of the 
biochemistry department at the Army 
Medical Research Laboratory, Fort 
Knox, Kentucky, and was also made 
professorial associate in biochemistry 
at the University of Louisville School 
of Medicine. Between 1947 and the 
time of his death he published 35 
papers on a variety of topics, especially 
on biochemical aspects of stress and on 
the mechanics of blood coagulation 
and fibrinolysis. He was in the middle 
of an active and productive program 
in this last area of interest when he _ 
died unexpectedly, on 30 September 
1959. He is survived by Else Borgeest 
Jensen, whom he married in 1924. 

He was a member of the American 
Society of Biological Chemists, the 
American Association for the Advance- 
ment of Science, the Society for Ex- 
perimental Biology, the Association for 
Endocrine Research, the New York 
Academy of Science, the American 
Society of Hematology, and the Inter- 
national Society of Hematology. 

A. Evans, Jr. 
Department of Biochemistry, 
University of Chicago, 
Chicago, Illinois 


This grading scale, explained Machlup, 
is established by the association’s Com- 
mittee Z and is used to provide & lim- 
ited amount of information regarding 
the salary structure at an institution. 

While only one institution, Harvard 
University, received a grade of A last 
year in the Average-Compensation 
Scale, Princeton University also 
achieved the A grade for 1959-60. 
More significant changes occurred in 
other grade categories. 

Among institutions that authorized 
publication of their salary indices, 18 
received a grade of B in the Average- 
Compensation Scale last year, as com- 
pared with 27 this year. These latter in- 
clude the following institutions: Am- 
herst College; California Institute of 
Technology; the College of the City of 
New York; Columbia University; Co- 
lumbia Teachers College; Cooper Un- 
ion; Cornell University; Dartmouth 
College; Duke University; Haverford 
College; Hunter College; Indiana Uni- 
versity: Johns Hopkins University; 
Northwestern University; Purdue Uni- 
versity; Swarthmore College; the Uni- 
versities of California, Chicago, Michi- 
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gan, Minnesota, Pennsylvania, and 
Virginia; Wayne State University; 
Wellesley College; Wesleyan Univer- 
sity; Williams College; and Yale Uni- 
versity. 

While 26 institutions reported grades 
of C in the Average-Compensation Scale 
last year, the number increased to 59 
in 1959-60, or more than double that 
of the previous year. Machlup com- 
mented that it is important to note the 
presence of several junior colleges in 
the ranks of the institutions with higher 
salary scales. Similar increases were re- 
ported for the other grades. 


Development of the Grading System 


The self-grading salary survey of the 
AAUP was first conducted in 1957 as 
part of the general effort to call atten- 
tion to the low salary levels prevailing 
in most institutions of higher education 
and to point out the need for salary in- 
creases if college teaching is to become 
attractive as a permanent career for 
well-qualified individuals. In 1959-60 
the average compensation in 323 insti- 
tutions, with 63,152 full-time faculty 
members, was calculated at $7960. The 
“weighted” average for professors was 
$10,789; for associate professors, 
$8124; for assistant professors, $6804, 
for instructors, $5542. 

Machlup explained that the foregoing 
figures include specified fringe benefits, 
in particular the contributions of the in- 
stitutions toward pension funds. How- 
ever, only those contributions are in- 
cluded which become the property of 
the faculty member within 5 years. A 
few institutions have retirement funds 
which do not become the property of 
the faculty member unless he remains 
with the institution for many years. 
Such schemes, in Machlup’s words, 
“are not part of the compensation for 
services rendered but rather for sub- 
mission to a captivity.” 

Of 330 institutions which supplied 
sufficient data to be included in this 
analysis, 140 report average compensa- 
tion for full-time faculty members of 
less than $7000. 

Although the salary survey reveals 
an encouraging upward trend in a large 
number of institutions of higher educa- 
tion, compensation for college and uni- 
versity faculty members remains poor. 
The AAUP emphasizes that institutions 
will have to make every possible effort 
to raise salaries annually if they are not 
to fall behind in the movement to at- 
tain levels of compensation commen- 
surate with professional attainment. 
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Red Sea Viewed by Weather Satellite 


The accompanying picture of the 
Red Sea was taken by the wide-angle 
camera in Tiros I, the U.S. weather 
satellite, at 6 A.M., EST, 4 April 1960, 
during the 43rd orbit. When the pic- 
ture was taken the satellite was over 
the Red Sea and directed toward the 
northwest. The dark band to the left 
is the Nile. The Gulf of Suez and the 
Gulf of Aqaba can be seen fanning out 
from the Red Sea, and the Mediter- 
ranean Sea is visible at the upper left. 

This is one of hundreds of photo- 
graphs taken by the wide-angle camera 
during the satellite’s first week aloft. 
At week’s end both the wide-angle and 
narrow-angle cameras were functioning, 
but the clock timer that controls the 
photo-storage tape recorder for the nar- 
row-angle camera had ceased to func- 
tion. Consequently, the use of that 
camera is now limited to pictures that 
can be obtained by direct command 
from either the Fort Monmouth, N.J., 
or the Kaena Point, Hawaii, ground 
stations, without going into storage. 


$150,000 To Be Shared by Four 
Atoms for Peace Award Winners 


Four American scientists have been 
named recipients of the Atoms for 
Peace Award. Leo Szilard and Eugene 
P. Wigner will share the 1959 award; 
Walter H. Zinn and Alvin M. Weinberg 
will share the 1960 award. All have 
been active in the development of 
nuclear reactors. 

Each man will receive a gold medal- 
lion symbolizing the award, and the 
four will share equally in the combined 
honorarium of $150,000. The awards 
will be presented at a ceremony to be 
held at the National Academy of Sci- 
ences, Washington, D.C., on 18 May. 

In making the announcement, James 
R. Killian, Jr., chairman of the Trustees 
of Atoms for Peace Awards, said: 

“The Trustees believe the develop- 
ment of the nuclear reactor is one of 
the great advances in man’s capability 
for using atomic energy for peaceful 
purposes. It gives the world a new 
source of energy with which to meet 
the growing requirements of modern 


View of the Red Sea from an altitude of 450 miles. 
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society for power to run its machines. 
As a source of radioisotopes, it is now 
providing science and industry with new 
possibilities in research and control, as 
well as with new products. The trans- 
formation of a highly complex, theo- 
retical concept of 1939 to the multitude 
of reactors operating today in research 
and in commercial establishments is a 
major achievement of modern science 
and engineering. The men who are se- 
lected for recognition by this Award 
have been leaders in that transforma- 
GOR. 

The award was established as a me- 
morial to Henry Ford and his son, 
Edsel, in response to President Eisen- 
hower’s 1955 appeal at Geneva for in- 
ternational efforts to develop nuclear 
energy for peaceful purposes. It is to be 
granted “solely on the basis of the 
merit of contribution, wherever found 
in the world and without regard for 
nationality or politics.” Nominations for 
the award have been received from in- 
dividuals and learned societies in 24 
countries. 


Biographies of the Recipients 


Leo Szilard, a native of Hungary, 
was educated in Budapest and Ger- 
many, earning his doctorate at the 
University of Berlin in 1928. After 
teaching and research in Germany and 
England, he came to the United States 
in 1937, joining the faculty of Colum- 
bia University. In 1942 he moved to 
the University of Chicago as chief 
physicist in the Metallurgical Labora- 
tory, a special research group organized 
to develop the potential of nuclear re- 
actions under government auspices. 
Since 1946 he has been professor of 
biophysics at Chicago. Among his con- 
tributions are development of the field 
of radiation chemistry and (with 
Aaron Novick) new methods of con- 
trol of the culture of microorganisms, 
making possible significant discoveries 
in the science of genetics. With the late 
Enrico Fermi he was awarded the 
patent for the first nuclear reactor. He 
was recipient of the Albert Einstein 
Medal for 1960. 

Eugene Paul Wigner, also born in 
Hungary and educated there and in 
Berlin, came to the United States in 
1930. Except for periods at the Met- 
allurgical Laboratory of the University 
of Chicago and as director of the Oak 
Ridge National Laboratory, he has 
been a member of the faculty of 
Princeton University, having been 
named Thomas B. Jones professor of 
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mathematical physics in 1938. He is the 
coauthor of books on nuclear reactors 
and on nuclear structure. He is a mem- 


ber of the National Academy of Sci- 


ences and has received the Medal of 
Merit, the Franklin Medal, and the 
Fermi Award (in 1958). 

Alvin M. Weinberg is a native of 
Chicago and a graduate of the Univer- 
sity of Chicago, having earned his doc- 
torate there in 1939. After teaching in 
that university, he joined the Metal- 
lurgical Laboratory in 1941. In 1945 
he transferred to the staff of the Oak 
Ridge National Laboratory, where he 
has been director since 1955. He has 
been active in the design of reactors, 
notably the homogeneous reactor. With 
Wigner, he is the author of an authori- 
tative text on nuclear reactors. 

Walter H. Zinn, a native of Canada, 
earned his doctorate at Columbia Uni- 
versity and served on the faculty of the 
City College of New York from 1932 
to 1941. In that year he, too, joined 
the Metallurgical Laboratory at the 
University of Chicago, where he was 
a member of the team that constructed 
the first successful atomic pile. He de- 
signed and built the first heavy-water 
reactor. From 1946 to 1956 he was di- 
rector of the Argonne National Labo- 
ratory at Lemont, Ill., where he was 
actively engaged in the development of 
the fast-breeder reactor and the boiling- 
water reactor. He is at present vice- 
president of Combustion Engineering, 
Inc. He is a member of the National 
Academy of Sciences. 


Improvement of High-School 
Chemistry Courses To Be Studied 
under Science Foundation Grant 


A far-reaching national program de- 
signed to aid in modernizing and im- 
proving the teaching of chemistry in 
American high schools has been under- 
taken jointly by the University of Cali- 
fornia, Berkeley, and Harvey Mudd 
College, Claremont, Calif., under a 
grant from the National Science Foun- 
dation. The project, which will main- 
tain a continuous liaison with high- 
school teachers, has as its goal the 
preparation of text and experimental 
materials to be used in high-school 
chemistry classes. 

Known as the Chemical Education 
Materials Study, or CHEM study, the 
program will be under the general 
chairmanship of Glenn T. Seaborg, 


Nobel laureate in chemistry and chan- 
cellor of the University of California 
at Berkeley. J. A. Campbell, head of 
the chemistry department at Harvey 
Mudd College, will serve as director 
of the study. George C. Pimentel, pro- 
fessor of chemistry at the University 
of California, will head up the group 
concerned with preparation of new 
text materials, while Lloyd E. Malm, 
professor of chemistry at the Univer- 
sity of Utah, will maintain liaison with 
the high schools involved in the CHEM 
project. 

The program will be a counterpart 
in chemistry of the extensive national 
program in high-school physics under-— 
taken by the Physical Sciences Study 
Committee at Massachusetts Institute 
of Technology under the direction of 
Jerrold R. Zacharias. 


Steering Committee To Meet 


The steering committee of the 
CHEM project, in cooperation with a 
group of the country’s leading chemists 
and chemical educators, will meet next 
month in Claremont to make specific 
plans for the study. During June and 
July between 20 and 30 teachers of 
chemistry at the university and high- 
school levels will assemble in Clare- 
mont for a 6-week intensive writing 
conference, in the course of which 
hundreds of pages of text and material 
for laboratory experiments and lecture 
demonstrations will be prepared in pre- 
liminary form. Ny 

This material will be presented, dur- 
ing a 4-week program in August, to 
some 30 high-school chemistry teach- 
ers. If it is deemed sufficiently complete 
to warrant an immediate tryout, the 
material will be released to a small 
number of selected high schools 
throughout the nation during the 1960- 
61 school year. The trial run will per- 
mit modification of the material in 
the light of actual teaching experience. 

In addition to providing improved 
text and experimental materials for use 
in high-school chemistry classes, the 
study, as planned, will include the fol- 
lowing. 

1) Instruction on the behavior of 
atoms and molecules, through animated 
film. 

2) Filmed experiments and lectures 
by outstanding scientists. 

3) Evaluation of the incorporation 
of newly available teaching machines 
in the nation’s educational system. 

4) Opportunity to appraise the 
feasibility of making monographs writ- 


1087 


n 
es 
e 
1e 
es 
of 
ty 
ul 
Ww 
et 
= 


ten by authorities in the field of chem- 
istry available to exceptional students. 

5) Consideration of the results of 
nation-wide science studies in order to 
take advantage of new findings on 
teaching methods. 

6) Study of present-day high-school 
chemistry courses with the aim of de- 
termining the optimum balance be- 
tween experimentation by students and 
study by students of theoretical inter- 
pretations of experiments conducted by 
others. 

In addition to providing better in- 
struction in chemistry both for students 
who will eventually select a career in 
science and for those who will not, the 
CHEM study group hopes to reduce 
whatever gap in the understanding of 
science now exists between scientists 
and science teachers and to encourage 
teachers to take chemistry courses that 
will help them keep abreast of scientific 
developments. 

Members of the steering committee 
of the Chemical Education Materials 
Study are as follows: Glenn T. Sea- 
borg (chairman), chancellor and pro- 
fessor of chemistry, University of Cali- 
fornia, Berkeley; James A. Campbell, 
chairman of the department of chemis- 
try, Harvey Mudd College; Bryce 
Crawford, Jr., chairman of the depart- 
ment of chemistry, University of Min- 
nesota; Warren Everote, vice president 
for research and production, Encyclo- 
paedia Britannica Films, Wilmette, IIl.; 
Henry Eyring, dean of the Graduate 
School, University of Utah; W. H. Free- 
man, president, W. H. Freeman and 
Company, San Francisco, Calif.; Cleve- 
land Lane, Manufacturing Chemists 
Association, Washington, D. C.; Don- 
ald H. McLaughlin, regent of the 
University of California, San Fran- 
cisco; Carl G. Nieman, professor of 
organic chemistry, California Institute 
of Technology; J. Cecil Parker, head 
of the Field Service Center, Univer- 
sity of California, Berkeley; Charles 
C. Price, director, department of chem- 
istry, University of Pennsylvania; Ken- 
neth S. Pitzer, dean of the College of 
Chemistry, University of California, 
Berkeley; Robert Rice, Berkeley High 
School, Berkeley, Calif.; R. Silber, Cen- 
tral High School, Evansville, Ind.; B. 
R. Stanerson, director of membership 
affairs, American Chemical Society, 
Washington, D.C.; Grant Vest, director, 
Coordinating Council of Higher Edu- 
cation in Utah, Salt Lake City; and 
Roy L. Whistler, professor of bio- 
chemistry, Purdue University. 
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Research Institute To Be 
Established in California 


The National Foundation has an- 
nounced that it is supporting the 
establishment of a new basic research 
institute that is to be headed by Jonas 
E. Salk, well-known research worker 
on poliomyelitis and Commonwealth 
professor of experimental medicine at 
the University of Pittsburgh. The in- 
stitute will probably be located in San 
Diego on the ocean front, near the La 
Jolla campus of the University of Cali- 
fornia. 

Salk says that the institute will be 
devoted to the advancement of knowl- 
edge “relevant to the health and well- 
being of man, primarily through re- 
search in fundamental biology, and in 
the cause, prevention, and cure of dis- 
ease, and in the factors and circum- 
stances conducive to the fulfillment of 
man’s biological potential.” The areas 
of interest of the institute will be de- 
termined by its members and will not 
be limited except by the “limits of their 
imagination and ingenuity.” 

The National Foundation has agreed 
to provide a minimum of $1 million an- 
nually for operational support and to 
give at least another $1 million per year 
to an endowment fund, until its con- 
tribution to this fund reaches $10 mil- 
lion. The institute may receive addi- 
tional support from other sources. 

The research staff will consist of a 
nucleus of permanent members, with 
different but overlapping interests, and 
a group of visiting members having di- 
verse interests, who will be drawn from 
all parts of the world. An important 
segment of the research group will con- 
sist of young investigators beginning 
their careers as institute fellows. 

The San Diego City Council will meet 
early in June to vote on the allocation 
of land for the institute. If the vote is 
favorable, detailed plans will be an- 
nounced. The announcement will in- 
clude the names of the trustees, initial 
members, and visiting members and 
the architectural plans. 


Psychologists Form Society 


The Psychonomic Society was or- 
ganized in Chicago on 31 December 
1959 to increase communication among 
psychologists whose primary interest is 
in research and scholarship. The society 
expects to hold meetings of moderate 
size, often in university surroundings, 


that will be attended primarily by psy- 
chologists who can contribute to the 
science of behavior. 

A committee has compiled a list of 
approximately 800 people who clearly 
qualify for membership in the new or- 
ganization; these have been invited to 
join as charter members. After the 
charter membership has been estab- 
lished, others qualified as research 
workers will become eligible for elec- 
tion. The first annual meeting of the 
new body will be held 1-3 September 
1960 at the University of Chicago. 

C. T. Morgan of the University of 
Wisconsin has been elected chairman 
of the society’s governing board, and 
W. S. Verplanck of the University of 
Maryland, secretary-treasurer. Requests 
for information may be addressed to 
either. 


Grants, Fellowships, and Awards 


Fulbright. Applications should be 
submitted before 25 April for United 
States Government grants under the 
Fulbright and Smith-Mundt acts for 
university lecturing and advanced re- 
search during 1961-62 in Australia, 
New Zealand, South Asia, and Latin 
America. 

All candidates must be citizens of 
the United States. For lecturers, at 
least 1 year of college or university 
teaching experience is required; for 
research scholars, a doctoral degree at 
the time of application or recognized 
professional standing is necessary. 

Grants are tenable in one country 
only, usually for the full academic year, 
and are payable in the currency of the 
host country. Round-trip transportation 
is provided for the recipient of the 
grant but not for his accompauying de- 
pendents. A maintenance allowance, to 
cover the ordinary living expenses of 
the recipient and his family during 
their residence abroad, is also provided. 
In addition there is a small allowance 
for incidental expenses of a professional 
nature connected with the assignment. 
Subject to annual congressional ap- 
propriation, a supplemental dollar 
grant may be made by the Department 
of State to lecturers assigned to cer- 
tain countries to assist them in meeting 
continuing expenses in the United 
States. 

Application forms and additional in- 
formation may be obtained from the 
Conference Board of Associated Re- 
search Councils, Committee on Inter- 
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national Exchange of Persons, 2101 
Constitution Ave., NW, Washington 25, 

Monograph prizes. The American 
Academy of Arts and Sciences has an- 
nounced that three $1000 prizes are 
to be awarded to the authors of un- 
published monographs—one each in 
the fields of the humanities, social 
sciences, and physical and biological 
sciences. A monograph is defined for 
the purposes of these awards as a 
“scholarly contribution to knowledge, 
too long for an article in a learned 
journal and too specialized for a gen- 
eral book.” Recipients of these prizes 
will be expected to make their own 
arrangements for publication. 

The final date in 1960 for receipt 
of manuscripts by the committee on 
awards is 1 October. Announcement 
of the awards will be made in Decem- 
ber. Full details concerning these 
prizes may be secured on request by 
sending a stamped self-addressed en- 
velope to the Committee on Mono- 
graph Prizes, American Academy’ of 
Arts and Sciences, 280 Newton St., 
Brookline Station, Boston 46, Mass. 

Nature of man. A graduate scholar- 
ship competition will be conducted in 
conjunction with a seminar on science 
and the total nature of man, to be held 
28-30 October at the Wainwright 
House, Rye, N.Y. Seminar participants 
will include K. F. Mather, E. W. Sin- 
nott, J. Pelikan, K. Goldstein, A. Lowe, 
J. J. Sweeney, W. G. Pollard, R. N. 
Anshen, H. Margenau, R. Dubos, L. 
Eiseley, and H. R. Niebuhr. 

Awards of $1500, $1200, and $1000 
will be made to the authors of the best 
essays submitted on the competition 
theme: “How Can New Frontiers of 
Science Further the Study of the Nature 
of Man?” Winners will be invited to 
attend the seminar. 

The competition is open to graduate 
students only; they must state their in- 
stitution of study, their status, and the 
name of their adviser. Essays must not 
exceed 5000 words and should include 
a summary paragraph of approximately 
100 words. All papers should be sent 
to Mr. Weyman Huckabee, Secretary, 
Wainwright House, Rye, N.Y., by 1 
July. Awards will be announced by 15 
October. 

The intent of the awards is to pro- 
vide funds for continuing the formal 
education of the recipient. However, 
this provision does not apply to stu- 
dents who will complete their studies 
in June 1960. 
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News Briefs 


Genetics symposium. A symposium 
on methodology in human genetics will 
be held at the University of Utah Col- 
lege of Medicine in Salt Lake City, 13- 
14 May, under the sponsorship of the 
Genetics Study Section of the National 
Institutes of Health. This is the first of 
three symposia on methodology in med- 
ical genetics. The succeeding meetings 
will be held at the Jackson Laboratory 
in Bar Harbor, Me., 9-10 September, 
and at the University of Texas in Aus- 
tin, 4—S May 1961. The proceedings of 
each meeting will be published promptly 
as a separate volume. 

* * 

New book record. Scientists can keep 
track of newly published books in their 
special fields of interest through a 
monthly publication, the American 
Book Publishing Record, that has been 
released by R. R. Bowker Co., 62 W. 
45 St., New York 36, N.Y. In the new 
magazine all entries from Publisher's 
Weekly are arranged by subject accord- 
ing to the Dewey Decimal Classification 
and indexed by author and title. 

* * * 

Seismological observatory. Rensselaer 
Polytechnic Institute has started con- 
struction of a new seismological ob- 
servatory that will be a unit in the na- 
tionwide - earthquake monitoring net- 
work reporting to the U.S. Coast and 
Geodetic Survey. 

* * * 

AEC indemnity problems. The Joint 
Committee on Atomic Energy has re- 
ceived its annual report from the Atomic 
Energy Commission on AEC indemnity 
arrangements and problems and on the 
activities of the Advisory Committee 
on Reactor Safeguards. The five parts 
of the report are “Indemnification of 
Licensees,” “Indemnification of Activi- 
ties Conducted Under Contract With 
the Commission,” “Maritime Indemnity 
Problems,” “Problems of Foreign In- 
demnity,” and “Operations of the Ad- 
visory Committee on Reactor Safe- 
guards.” 

The Joint Committee hopes to hold 
public hearings on these subjects some- 
time during the week of 25 April. 
Copies of the AEC report are available 


upon request to the Joint Committee. 
* * 


Nuclear power in India. India has ac- 
cepted a Soviet offer to build a nuclear 
power station in that country. A scien- 
tific delegation headed by Homi J. 
Bhabha, chairman of the Indian Atomic 


Energy Commission, will visit the Soviet 
Union in May or June to study the de- 
sign and techniques of nuclear power 
stations operating there. 

A United States delegation, led by 
Byron B. Kratzer, deputy director of 
the Atomic Energy Commission, is at 
present in India to explore the possibili- 
ties of U.S.-Indian collaboration in the 
development of peaceful uses of atomic 
energy. 

* * 

Sabin shifts to cancer. Albert B. 
Sabin of the University of Cincinnati 
will discontinue his work on poliomyeli- 
tis and viruses of other infectious dis- . 
eases at the end of 1960 and turn his 
attention to cancer research. The uni- 
versity and Cincinnati Children’s Hos- 
pital Research Foundation have received 
a joint grant of $611,800 from the U.S. 
Department of Health, Education, and 
Welfare to support a 6-year research 
program headed by Sabin. He will study 
the possible relation of viruses to human 
cancer. 

* * * 

Mortality data. Heart disease, cancer, 
strokes, and accidents accounted for 71 
percent of all deaths in 1958, accord- 
ing to final data on 1958 mortality that 
have been released by the Public Health 
Service’s National Office of Vital Sta- 
tistics. The 1,647,886 deaths that oc- 
curred in 1958 constituted a national 
death rate of 9.5 per 1000 population, 
compared to a rate of 9.6 in 1957. The 
number of deaths and the rate per 10,- 
000 population (figure in parentheses) 
for each of the four leading causes of 
death in 1958 follow: heart disease, 
637,246 (367.9); malignant neoplasms 
or cancer, 254,426 (146.9); vascular 
lesions (chiefly strokes), 190,758 (110.1); 
and accidents, all forms, 90,604 (52.3) 
[motor-vehicle accidents, 36,981 (21.3)]. 

* * 

Forest products. The golden anniver- 
sary of the U.S. Forest Products Labo- 
ratory, oldest research organization of 
its kind in the world, will be observed 
2-4 June at Madison, Wis., where the 
institution was founded 50 years ago. 
Leaders in industry, government, and 
education will speak on various facets 
of research, past and future. In 1910 
cooperative efforts of the University of 
Wisconsin and the Forest Service, U.S. 
Department of Agriculture, brought the 
laboratory into existence when Con- 
gress refused various proposals to build 
a center for forest product research. The 
Forest Service was then headed by 
Chief Forester Gifford Pinchot. 
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Scientists in the News 


Thomas B. Magath, senior consultant 
in clinical pathology, has retired after 
39 years on the staff of the Mayo 
Clinic. He attended Emory College, 
James Millikan University, and the 
University of Illinois. 

At the Mayo Clinic, Magath had been 
head of the bacteriology and para- 
sitology section, chairman of the clini- 
cal pathology section, and chairman 
of the clinical biochemistry section. 
He was a member of the board of 
governors from 1948 to 1953. He was 
known for his research on the fish 
tapeworm, amebic dysentery, and 
hydatid disease. He was president of 
the American Society of Clinical 
Pathologists in 1938. 


Melvin Kranzberg, professor of his- 
tory at Case Institute of Technology, 
has been appointed secretary and mem- 
ber-at-large of the United States Na- 
tional Committee of the International 
Union of the History and Philosophy 
of Science. 


James D. Watson, associate professor 
of biochemistry at Harvard University, 
received the Eli Lilly and Co. award 
in biological chemistry, on 9 April. The 
award, which was established to stimu- 
late basic research in the field by young 
chemists, was presented to Watson for 
his work in determining the structure of 
deoxyribonucleic acid, at the 137th na- 
tional meeting of the American Chemi- 
cal Society. 


Willice E. Groves, former chief of 
the science and engineering division of 
the U.S. Army Combat Surveillance 
Agency, has been appointed research 
engineer in the Willow Run _labora- 
tories of the University of Michigan. 
His initial assignment will be Project 
Michigan—the research project on bat- 
tlefield surveillance techniques. 


George R. Rowley, former instructor 
of physiology at the College of Physi- 
cians and Surgeons of Columbia Uni- 
versity, has joined the staff of the bio- 
logical research laboratories of Colgate- 
Palmolive Co., New Brunswick, N.J. 


Donal Sheehan has been succeeded 
as dean of the New York University 
School of Medicine and Post-Gradu- 
ate Medical School and deputy direc- 
tor of the New York University Medi- 
cal Center by S. Bernard Wortis, for- 
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mer chairman of the Medical Center’s 
department of psychiatry and neu- 
rology. Sheehan will continue as pro- 
fessor and chairman of the Medical 
School’s department of anatomy. 


Hsuan Yeh, professor of mechanical 
engineering at the University of Penn- 
sylvania, has been appointed director of 
the university’s new Towne School of 
Civil and Mechanical Engineering. 


Lawrence H. Baldinger, will retire 
next semester as dean of the College 
of Science at the University of Notre 
Dame; he will continue as associate 
dean of the graduate school, professor 
of chemistry, and counselor to pre- 
medical students. Frederick D. Rossini, 
Silliman professor of chemistry, head 
of the department and director of the 
chemical and petroleum research labo- 
ratory at the Carnegie Institute of 
Technology, will succeed him as dean. 


Israel Kleiner, professor and chair- 
man of the department of biochemistry 
at New York Medical College, will re- 
tire after the spring term. Ward Pig- 
man, associate professor of biochemistry 
at the Medical College of the University 
of Alabama, will succeed him. 


Two scientists have recently joined 
the chemical division of Rexall Drug 
and Chemical Co., Los Angeles, Calif. 
Michael Erchak, Jr., technical director 
of the Semet-Solvay petrochemicals di- 
vision of Allied Chemical Corp., has 
been named vice president for research 
and development. Blaine B. Kuist, man- 
ager of projects for the Fluor Corp., 
has been appointed vice president for 
engineering and construction. 


Maj. Frederick H. Rohles, Jr., has 
been named head of the new compara- 
tive psychology branch at the Aero- 
medical Field Laboratory, Alamogordo, 
N.M. The branch is divided into a re- 
search and training section, headed by 
Richard E. Belleville, and an apparatus 
development section, headed by Capt. 
Marvin E. Grunzke. 


Ralph H. Potts, technical adviser to 
the general manager of the Armour In- 
dustrial Chemical Co., was awarded 
the Alton E. Bailey Medal by the North 
Central Section of the American Oil 
Chemists Society on 23 March. He 
developed the first commercial plant 
for the production of nitriles and 
amines from fatty acids. 


Recent Deaths 


Daniel S. Cunning, Averill Park, 
N.Y.; 67; bronchoscopist (1939-57) and 
surgeon director of otolaryngology 
(1940-57) at the Manhattan Eye, Ear 
and Throat Hospital; former clinical 
professor of otolaryngology at New 
York University; former president of 
the American Broncho-Esophagological 
Association; 25 Mar. 

Arthur D. Goldhaft, Vineland, N.J.; 
74; veterinarian and leader in animal 
husbandry; founder of the Vineland 
Poultry Laboratory; helped to develop 
vaccines for Asian influenza in 1937; 
2 Apr. 

Emil H. Grubbe, Chicago, Ill.; 85; 
first to use x-rays for cancer therapy, 
in 1896; former head of the department 
of radiology at Hahnemann Medical 
College, Chicago; 26 Mar. 

Frank A. Hinners, Rockville Centre, 
N.Y.; 66; a founder of the Institute of 
Radio Engineers; president of Hinners- 
Galenek Radio Corp.; 4 Apr. 

Robert T. Legge, Berkeley, Calif.; 
87; former professor of hygiene and 
chairman of the department at the Uni- 
versity of California; inaugurated the 
first student health service in the United 
States; 21 Mar. 

James R. McCord, Ocala, Fla.; 75; 
former chairman of the department of 
obstetrics and gynecology at Emory 
University; 26 Mar. 

John R. Murlin, Spokane, Wash.; 
85; professor emeritus of physiology and 
former director of the department of 
vital economics at the University of 
Rochester; editor of the Journal of Nu- 
trition, 1928-39; specialist in gastro- 
intestinal physiology; 17 Mar. 

Harold R. Nelson, Castries, St. Lucia, 
B.W.I.; 55; manager of the physics de- 
partment at Batelle Memorial Institute, 
Columbus, Ohio; worked on the manu- 
facture of plutonium for the atomic 
bomb; 3 Apr. 

John M. Pearce, Fort Myers, Fla.; 
51; professor of pathology in surgery 
at Cornell University Medical College; 
22 Mar. 

Adolf Schulten, Erlangen, Germany; 
89; archeologist; discovered ancient 
sites of Iberian civilization, including 
Numantia, the Iberian stronghold dur- 
ing the Roman conquests; 22 Mar. 

Frederick Stern, Bronx, N.Y.; 63; as- 
sociate clinical professor of neurology 
at the College of Physicians and Sur- 
geons of Columbia University; chief of 
neurology at the New York office of 
the Veterans Administration; 3 Apr. 
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Catalytic Models in Epidemiology. 
Hugo Muench. Harvard University 
Press, Cambridge, Mass., 1959. xi 
+ 110 pp. Illus. $4.50. 


Analysis of the behavior of infectious 
disease in the host population by the 
development of mathematical models 
has been of perennial interest to the 
relatively few individuals having both 
the requisite knowledge of mathematics 
and an interest in this highly specialized 
facet of ecology. The earlier models, 
beginning with the Ross malaria equa- 
tions in which the vector as well as the 
host and parasite populations were 
taken into account, and extending 
through those of Reed and Frost, Soper, 
and Greenwood, are of the point-in- 
fection type. These models were de- 
veloped as binomial expansions in 
which the stages of the evolution of the 
host-parasite relationship are described 
as the successive terms. Such models 
may become complex by, for example, 
assumptions of inhomogenous mixing, 
as by variation in family or other sub- 
group size in the host population, lead- 
ing to binomial chains. These models 
are essentially deterministic, and they 
are based on the assumption that any 
future state of the population can be 
precisely determined if variables such 
as the numbers of susceptible and in- 
fected persons, and of attack, birth, and 
death rates are known. 

More recently there has been a tend- 
ency to introduce a stochastic element 
into such models, as in Bartlett’s de- 
velopment of the probability generating 
functions for the numbers of susceptible 
and infected persons by regarding in- 
fection and removal as random events. 
Similarly, introduction of the frequency 
distribution of the probabilities given 
by binomial expansion brings a 
stochastic element into the point-infec- 
tion type of model. Stochastic treatment 
of the continuous-infection type of 
model as it was developed by Bailey 
becomes relatively complex. 


15 APRIL 1960 


Book Reviews 


The extent of simplification necessary 
for the construction of mathematical 
models, even in complex form, is at 
the same time both a weakness and a 
strength. In the first instance, the con- 
tinuous-infection model of Kermack 
and McKendrick, for example, illus- 
trates the use of the so-called threshold 
theorem, or the critical proportion of 
susceptibles occurring at the peak of 
the epidemic wave, to define with ap- 
parent precision herd immunity, or a 
state of the host population that pre- 
vents the disease from reproducing it- 
self. Attempts to make use of such 
deductions, for example, in arriving 
at the portion of the population to be 
immunized against a disease as_ well- 
known as diphtheria, have been dis- 
appointing because of the relatively 
wide discrepancies between the predic- 
tion and the observation, between 
groups of preschool and school children 
in this instance. At the same time, a 
theoretical model may contribute use- 
ful information; one solution of the 
Martini formulation of immunizing 
disease, which predicts a damped 
periodicity in the incidence of such 
disease, seems to have no clearly de- 
fined counterpart in human disease. 
Measles, the example par excellence, 
shows periodicity but as yet no appreci- 
able damping, but in experimental 
epidemiological studies of. mouse ty- 
phoid, damping has been achieved, re- 
sulting in the predicted invariance in 
specific death rate, by infection rates 
much higher than those observed in 
naturally occurring disease. 

Equated against this general back- 
ground, Muench’s book stands out as 
a valuable contribution. It is a source 
of great personal satisfaction to me to 
find perpetuated here the deceptive 
simplicity characterizing a high order 
of pedagogical acumen; that of Lowell 
J. Reed and W. H. Frost (from which 
this book is descended) was such that 
the most abstruse material appeared to 
be almost self-evident to the student. 


Muench notes in passing (almost casual- 
ly but very effectively), the relevant 
mathematical background. As indicated 
in the title, the model developed is 
described by the catalytic function and 
by variations of it. The simplicity of 
the presentation is further enhanced by 
the use of the method of moments for 
fitting to observed data and by the pro- 
vision of nomograms for approximation 
of the relevant constants, together with 
detailed examples. Thus, even the 
arithmetic necessary to fitting by the 
least squares or maximum likelihood 
methods is eliminated. It is difficult to 


imagine a simpler and clearer, but at . 


the same time precise, presentation of 
the subject matter. The solutions of the 
various equations used and calculation 
of their moments are given in an ap- 
pendix for those who may be interested. 
This method of analysis is applied 
to the impact of infectious disease on 
the host population as shown by the 
age distribution of historical or im- 
munological evidence of infection. His- 
tories were used in the case of measles, 
whooping cough, and yaws, and im- 
munological evidence of past infection 
in the consideration of yaws, yellow 
fever, diphtheria, tuberculosis, and 
histoplasmosis. Reversion of seropositiv- 
ity is considered as a simple reversion 
described by a reversible catalytic curve, 
and as successive reactions described 
by the two-stage catalytic curve. The 
possibility of variable rates of infection, 
and reversion, is discussed in connec- 
tion with several infectious diseases. 
The utility of mathematical models 
is shown by the consistency of the de- 
ductions that may be drawn from their 
application rather than by criteria such 
as goodness of fit. In the model de- 
scribed here the significant constant is 
r (infection rate). It is regarded as a 
measure of the “force of infection” 
(infection pressure in the terminology 
of some writers), and corresponds to 
Frost’s rate of effective contact. The 
usefulness of the catalytic curve as a 
model is shown, for example, by the be- 
havior of r in comparisons of the inci- 
dence of measles and whooping cough 
in rural and urban areas, which have 
resulted in conclusions that are fully 
consistent with the known behavior of 
these diseases. At the same time, this 
model did not allow informative de- 
duction concerning the occurrence of 
variable rates when tested by survival 
ratios in hypertension. Earlier, Zinsser 
and Wilson described similar failure in 
the application of binomial expansion 
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of the point-infection type of model 
to the question of possible variation in 
virulence of the microorganism during 
the evolution of the epidemic wave. It 
is probable that such distinctions, if 
and when they may occur, are too 
subtle to be made in simple mathemati- 
cal models. 

WILLIAM BURROWS 
Department of Microbiology, 
University of Chicago 


Man-Made Textile Encyclopedia. J. J. 
Press, Ed. Textile Book Publishers 
(Interscience), New York, 1959. xxx 
+ 913 pp. Illus. $27.50. 

Review of Textile Progress, 1958. vol. 
10. M. Tordoff and C. J. W. Hooper, 
Eds. Textile Book Publishers (Inter- 
science), New York; Butterworths, 
London, 1959. 494 pp. $8. 

Physical Methods of Investigating Tex- 
tiles. R. Meredith and J. W. S. Hearle. 
Textile Book Publishers (Intersci- 
ence), New York, 1959. ix + 411 pp. 
Illus. $13. 

Friction in Textiles. H. G. Howell, K. 
W. Mieszkis, and D. Tabor. Textile 
Book Publishers (Interscience), New 
York, 1959. 263 pp. $6.75. 


Man-Made Textile Encyclopedia, with 
authoritative contributions by 148 tex- 
tile scientists, presents concisely and 
interestingly an unbelievable amount of 
information on over 100 technical sub- 
jects. These subjects are grouped into 
chapters on the molecular properties of 
raw materials; fiber manufacturing, 
characteristics, and identification; proc- 
essing into yarns, threads, cords, and 
fabrics; textile engineering principles; 
dyeing, printing, and finishing; stand- 
ards for specific uses; apparel manu- 
facturing and renovation; economics 
and statistics; world fiber trade marks; 
and glossary and indexes. Many excel- 
lent photographs, illustrations, and 
tables are found throughout the book. 

In sharp contrast to this encyclopedia 
is the Review of Textile Progress, 1958, 
the tenth volume of this important 
series, in which the main contributions 
of more than 3000 papers published 
during 1958 are condensed. The sub- 
jects covered include fiber physics; the 
chemistry of cellulose, wool, silk, re- 
generated protein, synthetic, and bast 
fibers; the production of cotton, long 
vegetable, wool, animal, silk, cellulose, 
and synthetic polymer fibers; the con- 
version of fibers into yarns; warp sizing 
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and sizing materials; weaving prepara- 
tion and weaving; knitting; coloring 
matters, dyeing, printing, and finishing 
of fabrics; chemical and physical test- 
ing; laundering and dry-cleaning; build- 
ing and engineering; and, finally, indus- 


trial applications of textiles. This 
monumental survey reviews the contri- 
butions made during one year to the 
textile industry throughout the world. 

Physical Methods of Investigating 
Textiles describes modern experimental 
methods and techniques used for de- 
termining the structure and physical 
properties of textiles, including x-ray 
techniques; infrared spectroscopy; elec- 
tron microscopy; optical microscopy; 
fiber dimensions; density, moisture, and 
swelling; yarn and fabric structures; 
mechanical properties of fibers, yarns, 
and fabrics; transmission of heat, mois- 
ture, and air; frictional behavior of 
textiles; optical properties; electrical 
properties; and the applications of 
nuclear physics. The text includes many 
excellent illustrations and photographs, 
and most of the reviews contain exten- 
sive and up-to-date references. 

Friction in Textiles covers a most 
timely subject since the surface or 
frictional properties of fibers greatly 
affect their spinning and processing 
potentialities, the mechanical properties 
of spun yarns, and the performance of 
the final textile products. Part 1, en- 
titled “Theory of friction and lubrica- 
tion,” consists of three basic chapters. 
The first gives an excellent discussion 
of the mechanism of friction, which is 
applicable to any material in general; 
the second extends this general discus- 
sion specifically to plastics and fibers, 
and the third discusses the mechanism 
of lubrication. Part 2, entitled ‘Friction 
in textile processing,” includes chapters 
on friction of wool; friction in spinning, 
winding, and during conversion of 
yarns into fabrics; the effect of inter- 
fiber friction on the strength of tire 
cord; and friction in fabrics. Part 3, 
entitled “Test methods,” includes chap- 
ters on the measurement of friction of 
yarns and of fibers, the control and 
measurement of tension in processing, 
and the measurement of abrasion. The 
book includes 10 pages of tables on 
some typical values of friction for 
yarns and fibers. Excellent diagrams are 
used throughout the book, and exten- 
sive references to literature are given 
at the end of each chapter. 

I feel that these four books fill an 
important gap in textile literature and 
are an excellent indication of the sci- 


entific stature of the textile industry in 
all of its many and complex phases. The 
books are recommended not only to 
scientists and technical personnel work- 
ing in the industry, but to those inter- 
ested in authoritative information on 
modern textile science and technology. 
They provide important source material 
that can be used by the libraries of the 
schools, colleges, and universities train- 
ing the future leaders of the textile in- 
dustry. Finally, the thought-provoking 
discussions and the challenging prob- 
lems presented in these books should 
offer inspiration and guidance to the 
talented and searching minds of stu- 
dents and teachers. 

H. F. SCHIEFER 
Textiles Section, 
National Bureau of Standards 


Some Problems in Chemical Kinetics 
and Reactivity. vol. 2. N. N. Semenov. 
Translated by Michel Boudart. Prince- 
ton University Press, Princeton, N.J., 
1959. x + 330 pp. Paper, $4.50. 

Some Problems of Chemical Kinetics 
and Reactivity. vol. 2. N. N. Semenov. 
Translated by J. E. S. Bradley. Per- 
gamon Press, New York, 1959. 
X + 168 pp. $5. 


The first volumes of these translations 
were reviewed by Harold S. Johnston 
and Henry Eyring, respectively [Science 
129, 1419, (1959)]; in my estimation, 
these reviews cannot be improved upon 
as evaluations of Semenov’s work, and 
no attempt will be made to do so. 
However, since two translations of this 
important work were made, a compari- 
son is in order. 

I believe it to be axiomatic that what 
‘we want to read is what Semenov has 
to say; therefore, the truer the transla- 
tion and the less tempering by the trans- 
lator the better. In the Pergamon 
edition, chapter 1 of part 4 is called 
“Thermal ignition,” while in the Prince- 
ton edition it is referred to as “Thermal 
explosions.” In the original it is called 
“Thermal inflammation” (in the ballis- 
tic not medical sense), but in the 
preface Semenov states that he included 
a chapter on “Thermal explosion”; this 
gives some justification to the Princeton 
version. On page 96 of the Princeton 
version there is a statement “. . . the 
agreement ... is not bad at all... .” 
This is a literal rendition of the Russian 
(page 433), but whereas in Russian 
the not bad is a reserved, toned down 
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statement, in English it is a colloquial- 
ism. The Pergamon “. . . quite well 
...” (page 7) is preferable. Of the two 
versions, the Princeton translation is 
truer to the original, but at times its 
rendition into English is rather awk- 
ward. Pergamon’s translation is smooth- 
er, but it takes liberties with the 
original, if not in substance, then in 
rendition. Given better editing the 
Princeton text is preferable. 

The proofreading in both leaves much 
to be desired. The mathematical ex- 
pression (Eq. 18) developed for ClO 
(Princeton page 97, Pergamon page 8) 
is at variance with the original. The 
explanation of Pergamon’s Eq. 17a 
(page 8) is erroneous. The footnote on 
Pergamon’s page 9 should be 2 H: + O: 
and not 2 H:/O:; the substitution of 
the virgule for the plus sign is recur- 
rent. On page 462 Semenov mentions 
the work of Joubert. This name be- 
comes Hubert in the Pergamon edition 
(page 27) and Goubert in the Prince- 
ton version (page 122). On the same 
page Semenov mentions Val’ta; the 
Princeton edition renames him Val’t. 

Semenov’s book is of great interest, 
and a translation of it is most welcome. 
One good one would be preferable. 

M. HosEH 
Chemical Abstracts, 
Washington, D. C. 


The Political Economy of National 
Security. A study of the economic 
aspects of the contemporary power 
struggle. James R. Schlesinger. 
Praeger, New York, 1960. vii + 292 
pp. $5. 


The political economy of national 
security is an important subject on 
which not many books are published. 
This one is written by a professional 
economist for laymen. Many topics 
are covered, including the effect on 
U.S. national power of the size and 
allocation of the gross national prod- 
uct, problems of economic mobilization, 
budgetary planning, the role of our 
international trade, Soviet economic 
growth, and appropriate political and 
economic policies toward the under- 
developed areas. Some of the chapters 
seem rather disjointed. And the treat- 
ment of the various subjects is definitely 
uneven in quality and originality. 

Chapters 2 through 4 relate to the 
influence of national output, and _ its 
allocation among consumer goods, capi- 
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tal, armaments, and so forth, upon 
economic potential for war. There are 
some rather pedantic excursions into 
very simple economic concepts. But 
there can only be agreement with the 
main argument, which is that a broad 
economic base for wartime mobilization 
is no longer of much value: a nuclear 
war will be fought with deployed forces 
in being, and a small peripheral war 
will occasion needs for which the 
United States is practically mobilized 
already. Questions of plant dispersal 
and postattack recuperation are largely 
ignored. 

Chapter 5 concerns the whole ques- 
tion of economic efficiency within the 
military establishment. But the discus- 
sion, which is largely confined to budge- 
tary planning, covers too small a por- 
tion of the problem to be useful. The 
real wastes stem from the very organi- 
zation of the Department of Defense 
and from the nature of the Joint Chiefs 
of Staff. Apart from “arbitrary” spend- 
ing limits imposed by the President, the 
rival military services have no incentive 
to compare the relative military im- 
portance of different programs against 
their relative costs, and so they can 
avoid having to make hard decisions 
between weapon systems. In fact, 
Pentagon accounting practices do not 
even show what it costs to acquire and 
operate, say, a SAC B-52 wing: expen- 
ditures are categorized by object (for 
example, salaries and subsistence) rather 
than by function (for example, air de- 
fense). 

Schlesinger makes a strong plea for 
trade rather than aid. Like others be- 
fore, he shows how protection runs 
counter to our national objectives, and 
he asks some embarrassing questions 
about restrictions on oil imports applied 
to Canadian oil in the name of national 
defense. A more original point is that, 
because the United States market is 
potentially far more important than 
the Soviet’s to many backward coun- 
tries, we should stress this cold war 
advantage by implementing freer trade. 

The chapters on _ underdeveloped 
areas are the best in the book and 
are altogether stimulating. The author 
has a mind of his own. He indicates 
that the consumption gap between ad- 
vanced and backward countries will 
widen and not narrow, that an im- 
provement in per capita incomes of 
about 1 percent annually is the most 
that can be expected in most of the 
poorer countries, and that we cannot 
avoid the dislike that comes from being 


the leader of the Western bloc. We 
should assist fewer countries so that our 
aid to them can be relatively more sig- 
nificant. We should select beneficiaries 
according to their treatment of United 
States interests. Largess will never 
make us the darling of the wunder- 
developed world. In fact, the most we 
can expect is respect. Also, it is more 
vital that we maintain a strong Western 
Europe and, so far as possible, preserve 
its influence in Africa. In short, much 
of our foreign policy since the war has 
been working the wrong side of the 
street, and this provocative viewpoint 
alone makes the book worth reading. 

STEPHEN ENKE > 
Department of Economics, 
Yale University 


New Books 


Available Energy and the Second Law 
Analysis. Edward A. Bruges. Academic 
Press, New York; Butterworths, London, 
1959. 132 pp. $5.50. 

Bauprinzipien des Saugerskelettes. Benno 
Kummer. Thieme, Stuttgart, Germany, 
1959 (order from Intercontinental Medical 
Book Corp., New York 16). 235 pp. DM. 
45. 

The Central Nervous System and Be- 
havior. Mary A. Brazier, Ed. Josiah Macy, 
Jr. Foundation, New York, 1959. 358 pp. 
$4.75. Transactions of the 2nd conference; 
contains papers contributed by E. Gras- 
tyan (Institute of Physiology, University 
of Pecs, Hungary), V. S. Rusinov (direc- 
tor, Institute of Higher Nervous Activity, 
Academy of Sciences, U.S.S.R.), 
Rumke (University of Utrecht, Holland), 
and Jan Bures (Institute of Physiology, 
Czechoslovak Academy of Sciences). 

Economic Growth. Simon Kuznets. Free 
Press, Glencoe, Ill., 1959. 122 pp. $3.50. 
Six lectures presented at the Centro de 
Estudios Monetarios Latinoamericanos in 
July 1958. 

Experience and Reflection. C. West 
Churchman, Ed. Univ. of Pennsylvania 
Press, Philadelphia, 1959. 430 pp. $5. 

Genetics and Cancer. Published for the 
University of Texas, M. D. Anderson Hos- 
pital and Tumor Institute. Univ. of Texas 
Press, Austin, 1960. 466 pp. $8.50. Papers 
presented at the 13th annual symposium 
on fundamental cancer research. 

Handbook for Space Travelers. Walter 
B. Hendrickson, Jr. Bobbs-Merrill, New 
York, 1960. 256 pp. $3.95 (juvenile book). 

Hemophilia and Other Hemorrhagic 
States. K. M. Brinkhous and P. De Ni- 
cola, Eds. Univ. of North Carolina Press, 
Chapel Hill, 1959. 287 pp. $7.50. Based 
on the symposium on hemophilia held in 
Rome in connection with the 7th Congress 
of the International Society of Hematol- 
ogy (1958); 55 individuals contributed to 
the volume. 

Human Biochemical Genetics. H. Har- 
ris. Cambridge Univ. Press, New York, 
1959. 318 pp. $7. 
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Effect of Kinetin on Formation 
of Red Pigment in Seedlings 
of Amaranthus retroflexus 


Abstract. Kinetin induces formation of 
red pigment in seedlings of Amaranthus 
retroflexus in the dark. This effect is simi- 
lar to the light-induced formation of pig- 
ment. Light and kinetin do not act in a 
simple additive way. The pigment is not 
an anthocyanin, and its formation is not 
affected by inhibitors of anthocyanin for- 
mation. 


It has been thought that kinetin 
abolishes the light requirement of seeds 
(J). In other processes also a replace- 
ment of light requirement by kinetin 
has been reported (2). It has been 
shown since that lettuce seeds respond 
to kinetin [6-(aminofurfuryl) purine] by 
a large increase in their sensitivity to- 
ward light (3). The amount of light 
required to cause maximal germina- 
tion is reduced in the presence of kine- 
tin. It was of interest to determine 
whether other light-sensitive seeds 
show a similar response to kinetin. 
Seeds of Amaranthus retroflexus were 
selected since they are known to re- 
spond to light (4). The germination of 
A. retroflexus did not show any re- 
sponse to kinetin. At kinetin concen- 
trations of 2 X 10“*M, germination was 
somewhat inhibited and at lower con- 
centrations there was no effect. 

However, there was a difference in 
the appearance of seedlings from water- 
germinated as opposed to kinetin-germi- 
nated seeds. Seeds germinated in water 
in the dark gave colorless seedlings, 
while seeds germinated in solutions of 
kinetin, in the dark, under the same 
conditions contained a red pigment 
which was concentrated in the cotyle- 


Instructions for preparing reports. Begin the re- 
port with an abstract of from 45 to 55 words. The 
abstract should not repeat phrases employed in 
the title. It should work with the title to give the 
reader a summary of the results presented in the 
report proper. 

Type manuscripts double-spaced and submit one 
ribbon copy and one carbon copy. 

Limit the report proper to the equivalent of 
1200 words. This space includes that occupied by 
illustrative material as well as by the references 
and notes. 

Limit illustrative material to one 2-column fig- 
ure (that is, a figure whose width equals two col- 
umns of text) or to one 2-column table or to two 
l-column illustrations, which may consist of two 
figures or two tables or one of each. 

For further details see “Suggestions to Contrib- 
utors” [Science 125, 16 (1957)]. 
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Reports 


dons, Seeds germinated in the light also 
contained a red pigment, which oc- 
curred chiefly in the hypocotyl. The 
pigment formed in the presence of 
kinetin in the dark and that formed in 
the light without kinetin appear to be 
the same, both in chemical reaction and 
also in their absorption spectra, both 
having absorption maxima at 2700 and 
5400 A. Both are decomposed in hot 
dilute (0.5 percent) hydrochloric acid. 
The Chenopodiaceae and related fam- 
ilies such as the Amaranthaceae are 
known to contain red pigments which 
differ from the anthocyanins and which 
are frequently referred to as “nitroge- 
nous anthocyanins.” The nature and 
chemical structure of these pigments is 
as yet unknown (5). The normal antho- 
cyanins do not appear to occur in plants 
which contain the “nitrogenous antho- 
cyanins.” 

The amount of red pigment formed 
in the seedlings was determined by 
extracting a definite number of seed- 
lings, usually 50, with 5 ml of 20 per- 
cent ethanol. The seedlings were boiled 
for 2 minutes, cooled, and filtered, 
and the optical density of the extract 
was measured at 540 my. 

Pigment formation was dependent 
on the kinetin concentration, being 
maximal at 10“M and decreasing at 
higher concentrations, and this concen- 
tration was used in subsequent ex- 
periments. 

The formation of the pigment in the 
dark in the presence of kinetin was de- 
pendent on both temperature and time. 
At low temperatures the amount of pig- 
ment rose steadily with the length of 
time the seedlings were in the solution 
of kinetin, but at higher temperatures 
(26 and 37°C) the amount of pigment 
rose to a maximum and then fell again 
after about 90 to 130 hours. Pigment 
formation was more rapid at 26° and 
37° than at 15° and 20°. . 

Light induced effects similar to those 
caused by kinetin, but the amount of 
pigment formed in the light was less 
than that formed in the presence of 
kinetin in the dark. In the light at 26°C 
the same rise and subsequent fall in 
the amount of pigment was observed 
as in the case of kinetin in the dark. 


However, in the presence of both light 


and kinetin at 26° this drop was not 


observed, the amount of pigment in- 
creasing steadily with time till 162 
hours. The total amount of pigment 
formed was not greater in the light and 
kinetin after 162 hours than it was in 
kinetin alone, in the dark, after 120 
hours. These results are shown in 
Table 1. Clearly the effects of kinetin 
and light are not simply additive. When 
both are operating, pigment formation 
is delayed. The level reached in kinetin 
and light after 162 hours is about the 
same as that reached in kinetin in 
the dark after 120 hours. 

Compounds which have been shown 
to affect anthocyanin formation (6) 
were tested to see whether they had 
any effect on the formation of the 
pigment in Amaranthus seedlings. The 
results are shown in Table 2. It can 
be seen that the effects are far less 
marked than those observed for antho- 
cyanin formation. 

During attempts to study the effects 
of sugars, which might be precursors of 
the furfuryl group of kinetin, on pig- 
ment formation, it was necessary to 
apply mercuric chloride in order to pre- 
vent infection of the seedlings by fungi. 
It was observed that 50 parts of mer- 
curic chloride per million alone caused 
a definite amount of pigment formation, 
although the amount was considerably 
less than that caused by kinetin. The 
sugars themselves (for example, arabi- 
nose) had no clear effect. Various 
purines, such as xanthine, uracil, and 
adenine, which are related to kinetin 
and might act similarly to kinetin, also 
did not induce pigment formation. 

In conclusion, it may be said that 
kinetin appears to be very effective in 
inducing the formation of a red pig- 
ment, probably a nitrogenous anthocya- 
nin, in Amaranthus seedlings. Although 
such enhanced pigment formation is 
not necessarily a specific effect, it seems 
likely that the action of kinetin here is 
related in some way to its more general 
effect on nitrogen metabolism (7). The 
latter is well known to be related to 
anthocyanin formation. 

The joint effect of kinetin and light 


Table 1. Amount of red pigment formed in 
Amaranthus seedlings with time under dif- 
ferent conditions. (The intensity of pigment 
formation is given as optical density of a 
standard extract.) No pigment was formed 
in the dark. 


Pigment formation 


Time 

from In dark In light 

sowing nd kinetin In light and kinetin 
(hr) (10-*M) (10-*M) 
48 0.030 0.030 0.030 
72 495 .190 .100 
120 630 200 245 
144 165 265 340 
162 095 .100 595 
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Table 2. Effect of inhibitors on the forma- 
tion of red pigment in Amaranthus seedlings. 


Concn. of 
Dark and 
inhibitor Light 
(M) kinetin 
Catechol 
10-* Slight inhibition 50% inhibition 
Thiouracil 


10° Slight stimulation 
10-* No germination 


Slight inhibition 
No germination 


might be explained as follows. In the 
presence of both kinetin and light, 
processes leading to pigment destruc- 
tion predominate initially. Later, pig- 
ment formation exceeds pigment de- 
struction, and the amount of red pig- 
ment rises. This might be due to the 
slow formation in the light of pigment 
precursors, which are converted to the 
red pigment in the presence of kinetin 
(8). 

E. BAMBERGER 

A. M. MAYER 
Botany Department, Hebrew 
University, Jerusalem, Israel 
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Behavior and Beliefs during 
the Recent Volcanic Eruption 
at Kapoho, Hawaii 


Abstract. The recent volcanic eruption 
at Kapoho, Hawaii, resulted in rituals and 
offerings to the Hawaiian Volcano God- 
dess, Pele. 


In 1955, a volcanic eruption oc- 
curred in the populated Puna District 
of East Hawaii. This renewal of vol- 
canic activity followed a period of 
quiescence lasting well over 100 years. 
During the 3 months of intermittent 
volcanic action there was no loss of 
life, but damage to property and crops 
was extensive. On 13 January 1960, 
eruption resumed near the village of 
Kapoho for the second time in 5 years. 
The resulting emergency was preceded 
by a sharp increase in the frequency 
and magnitude of earthquakes. More 
than 250 individuals left their homes 
prior to and during the first night of 
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the eruption. One hundred and one 
individuals were relocated to the Red 
Cross disaster shelter. The remaining 
evacuees were sheltered by relatives or 
friends, or by means of house rentals. 
Most transportable belongings were re- 
moved during the first two days. 

On the fifth day of the eruption, the 
first dike was built to contain or divert 
the lava from the Warm Springs recre- 
ation area, which was destroyed the 
following day. A series of earthen dikes 
were constructed with bulldozers during 
the following weeks. The lava cir- 
cumvented, overran, filtered under, or 
pushed aside each of the dikes. Numer- 
ous buildings in the path of the flow 
were destroyed. It was suggested that 
the flow might be diverted by bombing 
with military aircraft. The major land- 
owner in the area emphatically refused 
to give permission. 

During the 15th and 16th days, 
most of the village of Kapoho was 
covered by the lava. The destruction of 
Kapoho was almost complete as of the 
first week in February. 

Since the initial day of the emer- 
gency, periodic observations have been 
made of the behavior patterns of the 
evacuees and others at the site of the 
eruption and in the evacuation center. 
Concurrently, a questionnaire is being 
administered to most of the evacuees 
and to a control group in a similar 
rural community that is quite distant 
from any volcanic activity. Responses 
are sought to questions concerning 
“security seeking” behavior, communi- 
cation of the state of emergency, self- 
reliance, manner of relocation, and so 
forth. The questionnaire interview is 
being conducted by a group of students 
of the Hilo Campus, in English, local 
pidgin English, Japanese, Korean, and 
three Filipino dialects. A photographic 
account of the behavior is also being 
made. 

A number of behavioral scientists 
entertain the working hypothesis that in 
times of stress and uncertainty, many 
individuals seek security in supernatural 
beliefs, rituals, and related behavior. 
One of the objectives of our research is 
to measure this phenomenon as it is 
occurring in the unique cultural en- 
vironment of Hawaii. The study is 
seeking to establish the relationship 
between the. current observations of 
“security seeking” behavior and other 
variables such as ethnic group member- 
ship, degree of acculturation, level of 
education, and previous experience un- 
der stress, such as the conditions of 
social disorganization in the 1955 erup- 
tion. 

One unusually interesting class of 
“security seeking” behavior emerges 
consistently during Hawaiian eruptions: 
rituals and offerings are made to the 


Fig. 1. A Chinese-Hawaiian stands next 
to the lava flow reading a chant to the 
Volcano Goddess Pele. Note the Christ- 
mas gift wrapping around the offerings. 


Hawaiian Volcano Goddess, Pele. Pic- 
torial records have been made with or 
without permission from the individual 
performing the ritual. Permission to 
take the picture in Fig. 1 was granted. 
This picture shows a Hawaiian language 
chant to Pele being read by a Chinese- 
Hawaiian. The traditional offerings of 
breadfruit, bananas, pork, and tobacco 
are at his feet. The Western influence 
is manifested by the Christmas gift 
wrapping and ‘green ribbon for the box 
of offerings to Pele. The throwing of 
the offerings upon the lava flow was 
accompanied by the singing of a 
Chinese song. 
Preliminary data indicate that this 
behavior and especially the related be- 


Fig. 2. The immense lava fountain is 
shown behind the main street of the village 
of Kapoho. [Hilo Tribune Herald] 
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liefs are not limited to any one religious 
creed, ethnic group, age level, or degree 
of educational achievement. Among the 
believers in Pele are some highly edu- 
cated individuals and some prominent 
citizens of the island. 

The old Hawaiian beliefs are re- 
markably rational and provide an ap- 
parently consistent explanation for geo- 
logical growth processes. The beliefs 
appear to be reinforced by a number 
of factors. One such factor is the very 
sight of the lava fountains which are 
often over 1000 ft in height (see Fig. 
2). This magnificent phenomenon is ac- 
companied by auditory, olfactory, and 
tactile stimulation produced by the 
fountain and its accompanying fallout. 

Another source of reinforcement for 
belief in Pele is the inability of science 
and technology to cope with the de- 
structiveness of the lava flows. The 
building of dikes to contain or divert 
the lava appears to be uniformly un- 
successful. 

The nature of the beliefs in Pele and 
the source of their perpetuation are be- 
ing systematically investigated. Belief 
in Pele is openly acknowledged by many 
of the evacuees. 

Roy LACHMAN 
WILLIAM J. BONK 
Department of Psychology, and 
Department of Anthropology and 
Sociology, University of Hawaii, Hilo 


Note 


Research conducted to date has been aided by 
funds granted by the University of Hawaii. We 
thank Wayne Richardson, president of C. Brewer 
and Co. (Hilo branch), for providing I.B.M. 
facilities, and for granting access to one of the 
company’s plantation towns, which was used as 
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A Nonsteroidal Androgen 


Abstract. 2-Acetyl-7-oxo-1, 2, 3, 4, 4a, 
4b, 5, 6, 7, 9, 10, 10a-dodecahydrophenan- 
threne possesses androgenic activity when 
applied directly to the chick’s comb. This 
action is in addition to the antiandrogenic 
activity previcusly reported for this com- 
pound. This is the first demonstration of 
androgenic activity by a compound not 
possessing the steroid nucleus. 


Up to the present time androgenicity 
has always been associated with com- 
pounds possessing the steroid nucleus 
or those having only minor modifica- 
tions in the nucleus, such as the D-homo 
analogs of testosterone (/). It has now 
been demonstrated that a _ perhydro 
phenanthrene derivative, previously re- 
ported to be an antiandrogen in rats 
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Table 1. Androgenic activity of Ro 2-7239 inthe 
chick, when inuncted in absolute alcohol to the 
comb. 


Material deans No. of Mean comb 
inuncted chicks ratio + S.E. 
(ug) 
Experiment A 
None 0 18 0.39 + 0.021 
Testosterone 1 14 0.36 = 0.016 
Testosterone a 14 0.48 + 0.028 
Testosterone 9 13 0.59 += 0.038 
Testosterone 27 13 0.97 + 0.052 
Ro 2-7239 1 14 0.42 + 0.024 
Ro 2-7239 10 14 0.42 + 0.024 
Ro 2-7239 50 13 0.50 + 0.029 
Ro 2-7239 250 14 0.52 += 0.033 
Ro 2-7239 1000 12 0.56 + 0.034 
Experiment B 
None 0 15 0.33 + 0.018 
Testosterone ! 14 0.43 + 0.019 
Testosterone 4 15 0.47 + 0.027 
Testosterone 16 12 0.68 + 0.047 
Ro 2-7239 10 12 0.42 + 0.018 
Ro 2-7239 100 12 0.47 + 0.024 
Ro 2-7239 500 13 0.60 + 0.036 


(2) and in chicks (3), also exhibits 
androgenic activity when applied di- 
rectly to the chick’s comb. 

Table 1 documents typical results 
on the influence of Ro 2-7239 (2- 
acetyl-7-oxo-1, 2, 3, 4, 4a, 4b, 5, 6, 7, 
9, 10, 10a-dodecahydrophenanthrene) 
on the chick’s comb when applied di- 
rectly to it. For this test, 1-day-old 
white leghorn male chicks were in- 
uncted once daily with 0.05 ml of an 
absolute alcohol solution of the test 
compound, the standard testosterone, 
or solvent alone. After seven daily 
inunctions, the combs were removed 
and weighed to the nearest 0.5 mg, and 
the results were expressed as the ratio 
of comb weight in milligrams to body 
weight in grams. 

Statistically significant increases (P = 
0.01) in the comb ratios were found 
at dose levels of 50, 250, and 1000 pg 
in experiment A and at 10, 100, and 
500 ug quantities in experiment B for 
Ro 2-7239. The comb response to Ro 
2-7239 was strikingly different from 
that found for testosterone. Although 
relatively small doses produced signifi- 
cant growth of the comb, increasing the 
amount inuncted on the comb by a 
factor of 20 produced only minor fur- 
ther incremenis (4). 

RALPH I. DORFMAN 
Worcester Foundation for 
Experimental Biology, 
Shrewsbury, Massachusetts 
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Nervous Regulation of 
Conditioned Hyperglycemia to 
Nociceptive Stimulation 


Abstract: A conditioned rise in blood 
sugar occurs in rats during a 10-minute 
waiting period prior to nociceptive stimula- 
tion. This conditioned “preparatory hyper- 
glycemia” is abolished after a_ bilateral 
lesion is produced in the mid-line thalamic 
nuclei; the experiments point to the im- 
portance of the thalamic reticular forma- 
tion in adaptative metabolic reactions. 


Cortical and subcortical mechanisms 
apparently participate in the nervous 
regulation of blood-sugar levels. The 
importance of mechanisms of higher 
nervous activity has been shown by the 
method of conditioned reflexes (/); evi- 
dence concerning the importance of sub- 
cortical regulation is, however, less clear. 
Interest had been concentrated espe- 
cially on the influence of hypothalamic 
nuclei in experiments in which stimula- 
tion (2) or lesions (3) of these nuclei 
were used. 

With increasing evidence concerning 
the role played by nonspecific brain- 
stem mechanisms in the establishment 
of conditioned reflexes (4), information 
has also been obtained indicating the 
importance of the activation of the re- 
ticular system on homeostatic processes 
(5), the action of adrenalin as a power- 
ful stimulant of ascending and descend- 
ing reticular facilitating systems being 
of special interest in this connection (6). 
Experiments in which the conditioned 
hyperglycemia that precedes nociceptive 
stimulation is studied offer a new ap- 
proach for investigation of both aspects 
of the function of the reticular system 
in adaptative behavior, through study of 
the increasing alertness and the increase 
in blood-sugar levels which occur when 
animals are repeatedly conditioned to a 
nociceptive stimulus. 

Rats were put into a cage, and after 
a “waiting period” of 10 minutes, elec- 
trical shocks were applied through the 
floor of the cage. Blood-sugar levels 
were then determined, before and at 
the end of the “waiting period,” before 
the nociceptive stimulus was applied. 
No increase in blood sugar was found 
after the first exposure, but there was 
a statistically significant rise in blood 
glucose during the period of condition- 
ing to nociceptive stimulation—that is, 
a “preparatory hyperglycemia” usually 
appeared after the third conditioning 
period. This conditioned metabolic re- 
action to nociceptive stimulation was 
accompanied by a considerable decrease 
in motor activity, this being especially 
marked at the end of the “waiting pe- 
riod.” 

In further experiments the develop- 
ment of this preparatory hyperglycemia 
reaction was studied in animals in which 
bilateral lesion of the mid-line thalamic 
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nuclei (the so-called nuclei of the paleo- 
thalamus) was performed. These nuclei 
of the nonspecific thalamic system ap- 
pear to be the diencephalic prolongation 
of the brain stem-reticular system, and 
it is probable, since they play a role in 
reactions of alertness, that they also 
participate in “preparatory reactions” 
to nociceptive stimulation. 

In animals in which a clear “prepara- 
tory hyperglycemia” elaborated 
after 14 conditioning periods, a bilateral 
lesion of the thalamic mid-line nuclei 
was produced by the stereotactic meth- 
od. Three days later the animals were 
again put into the cage, and blood-sugar 
levels were determined before and at 
the end of the 10-minute waiting period. 
No rise in blood sugar was observed in 
these animals (Fig. 1). 

The center of the lesion was found to 
be localized in the thalamic mid-line 
nuclei in all 14 cases in which the lesion 
was produced (Fig. 2), but there was 
also some slight peripheral disturbance 
in adjacent nuclei, especially of the 
hypothalamus. In the 14 animals in 
which the lesion was performed the mid- 
line nuclei of the thalamus were de- 
stroyed in all cases. There was no dis- 
turbance of the ventral dorsomedial 
nucleus of the thalamus. Slight periph- 
eral disturbance was found in the hy- 
pothalamic dorsal nucleus in 13 cases, 
of the paraventricular nucleus in three 
cases, of the anterior hypothalamic 
nucleus area in four cases, and of the 
ventromedial part of the thalamus in 
three cases. 

This loss of the conditioned “prepara- 
tory reaction” to nociceptive stimulation 
is not due to the operative procedure. 
In control animals with elaborated 
“preparatory hyperglycemia” prior to 
nociceptive stimulation, a needle was 
introduced into the region of the mid- 
line thalamic nuclei by the stereotactic 
method, but no electrolytic lesion was 
produced. In these cases it was found, 
in tests 3 days later, that the hypergly- 
cemia had not been lost. In another 
series of control experiments in animals 
with elaborated preparatory reaction to 
nociceptive stimulation, a bilateral 
stereotactic lesion was performed in 
other brain regions—that is, in anterior 
parts of the brain. Again, the hyper- 
glycemic preparatory reaction was not 
affected; this indicated a certain spec- 
ificity of the thalamic mid-line nuclei 
in the elaboration of the “metabolic 
preparatory response.” 

The assumption of a nonspecific dis- 
turbance of higher nervous system activ- 
ity cannot explain this finding since ani- 
mals in which a conditioned “avoidance” 
reaction to nociceptive stimulation has 
been elaborated retain this reaction after 
a lesion of this area with electrocoagu- 
lation. 

We may therefore conclude that the 
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thalamic mid-line nuclei, in which the 
reticular ascending system has an im- 
portant relay station, are of great im- 
portance in the elaboration of the 


conditioned hyperglycemic preparatory 

reaction to nociceptive stimulation. 
Afferent signals apparently activate 

these thalamic nuclei, and it is probable 


150 | 
50 + 


Fig. 1. Rise in blood glucose (in percent) in rats during a 10-minute waiting period prior 
to nociceptive stimulation; 100 percent is the initial level of blood glucose before the 
start of the waiting period. In rats that waited repeatedly for a period of 10 minutes 
prior to nociceptive stimulation, a “preparatory hyperglycemia” developed. The graph 
shows the rise in blood glucose (in percent) during the waiting period before (1) and 
after (2) a bilateral lesion of the thalamic mid-line nuclei (A); before (3) and after (4) 
introduction of a stereotactic needle without production of an electrolytic lesion (B); 
and before (5) and after (6) a lesion in the rostral part of the brain (C). 


Fig. 2. Extent of the lesion of the thalamic mid-line nuclei in experiments in which the 
“preparatory hyperglycemia” reaction to nociceptive stimulation was abolished after 


the lesion had been produced. 
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that afferent pathways from the dien- 
cephalic reticular ascending system in- 
duce, via hypothalamic centers, neuro- 
humoral mechanisms participating in 
stress situations, including increased 
liberation of adrenalin. The lesion of the 
thalamic mid-line nuclei apparently in- 
terrupts this neurohumoral reflex arc 
which participates in metabolic prepar- 
atory reactions. 

E. GUTMANN 

B. JAKOUBEK 
Institute of Physiology, 
Czechoslovak Academy of Sciences, 
Prague, Czechoslovakia 
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Synchronization of Division 
in Escherichia coli 


Abstract. The smallest cells of a cul- 
ture in the logarithmic phase, when iso- 
lated by a single rapid filtration through 
1.2-u Millipore paper, show good syn- 
chronization and reproducibility through 
the first division cycle. The method mini- 
mizes metabolic shock and provides a cul- 
ture in which an easily reproducible initial 
state is established at a known time. 


Tests of the Maruyama and Yanagita 
technique (/) for isolating the largest 
cells of an Escherichia coli culture led 
us to the conclusion that temperature 
shock, introduced by extensive manipu- 
lations at room temperature, was prob- 
ably responsible for the erratic results 
obtained. Subsequent experiments led 
to a synchronizing technique which is 
simple and fast and involves no opera- 
tions likely to disturb the normal metab- 
olism of the organism. 

Our procedure for E. coli strains K12 
(\) and B is as follows (2). A 100- to 
150-ml batch culture is grown in syn- 
thetic medium (3), with continuous 
aeration, to a density of the order of 
10° cells per milliliter. Without other 
manipulation, the culture is filtered 
quickly through a single sheet of grade 
RA Millipore paper, pore size 1.2 p, 
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standard Millipore equipment being 
used for vacuum filtration (4), with a 
25-liter bottle as “vacuum reservoir.” 
Filtration is interrupted when a few 
milliliters of culture remain on the 
filter or when clogging reduces the rate 
of filtration appreciably. Filtration is 
completed in 2 to 3 minutes. The fil- 
trate, containing 1 to 2 percent of the 
total cell population, is aerated through 
a sintered glass wand immediately 
after filtration. The entire process is 
carried out in the constant-temperature 
cabinet in which the initial culture is 
grown. No significant improvement re- 
sulted from repeated filtration through 
single sheets of Millipore paper or from 
the use of stacks of two or more papers. 

Figure 1 shows the results of a typi- 
cal experiment in which the filtrate 
was sampled periodically and assayed 
for cell count by triplicate plating on 
nutrient agar. Dilutions were adjusted 
to yield about 100 colonies per plate 
at minimal density. Zero time is taken 
at the mid-point of the filtration inter- 
val. The results of all our tests, with 
the two strains of E. coli and tempera- 
tures ranging from 25° to 37°C, may 
be summarized as follows. (i) Through 
the first growth cycle the n(t) curve 
(cell count-time curve) is flat for about 
70 percent of the mean generation time. 
The doubling time approximates the 
mean generation time closely. Con- 
trary to common experience with 
temperature shock methods, the dou- 
bling is real rather than nominal, sup- 
porting the conclusion that quick filtra- 
tion without separation of the cells from 
the original medium involves little if 
any disturbance of normal growth. (ii) 
Under close temperature control the 
second division cycle is well marked, 
but synchronization deteriorates in this 
cycle. Beyond 1.5 times the mean gen- 
eration time, reproducibility of the n(t) 
curve has not been good enough to war- 
rant selection of a typical curve. Re- 
laxation of temperature control is re- 
flected in a deterioration of synchrony 
and reproducibility in the interval from 
0.7 to 1.5 times the mean generation 
time. (iii) Beyond the second cycle 
the n(t) curve assumes a form which 
approximates the normal growth 
curve. 

As additional grades of Millipore 
paper become available, improvement 
in cell-size resolution, with consequent 
sharpening of synchronization, will 
probably be possible. It should be re- 
marked, however, that if the standard 
deviation in generation time charac- 
teristic of E. coli is as large as 0.3, as 
was recently estimated (5), a cell 


population strictly homogeneous in age 
at filtration would show rapid deteri- 
oration of synchrony after the first 
cycle. Attempts made in our laboratory 
by W. V. Morgan and one of us 


20 


30 to 30 120 150 «180 mins 
Fig. 1. Cell count-time characteristic for 
E. coli K12 (Ad) filtered at zero time. N, 
cells per milliliter; tr, 30°C; mean genera- 
tion time, 105 minutes. Grade RA Milli- 
pore paper was used as filter. 


(P.A.A.) to impose synchronized divi- 
sion on continuously cultured E. coli by 
programmed temperature cycling gave 
disappointing results which are prob- 
ably attributable to this factor. 

From the preparative standpoint, 
the quick-filtration method would ap- 
pear to have the marked advantage of 
supplying a culture for which the initial 
state and succeeding growth curve are 
sharply defined on the time axis and 
hence determinable before rather than 
after the event (6). 

PauL A. ANDERSON 
Davip E. PETTIJOHN 
Department of Physics, 
Washington State University, Pullman 
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Utilization of Organic Carbon 
by a Marine Crustacean: 
Analysis with Carbon-14 


Abstract. An _ isotope-dilution tech- 
nique using carbon-14 was employed to 
determine quantitatively the carbon budget 
of a filter-feeding crustacean. The amount 
of carbon ingested ranged between 0.044 
and 0.139 mg. Incorporation of carbon 
varied between 11.3 and 73.6 percent per 
day per organism, with an average of 32.5 
percent for the animals tested. Values for 
oxygen consumption are given as_ they 
relate to carbon intake and utilization. 


Energy and feeding interrelationships 
have been experimentally determined 
for some zooplankters. For example, 
Richman (J) determined a calorimetric 
budget for the fresh water crustacean 
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] Daphnia pulex, and Marshall and Orr Table 1. Fractionation of carbon by radioactivity. In this experiment, the carbon for each fraction 
(2) used radioactive carbon to deter- 5 calculated by use of the ratio 
mine the filtering rates and the percent 27-9 X 10% cpm _ Observed cpm 
of food digested by the marine copepod, , 0.174 mg C x 
made no attempt at a quantitative meas- Material analyzed 103 cpm Total C 
ure of carbon in their experiments. This = (mg) 
report presents a method which utilizes Time: 0 hours 
= an isotope-dilution technique for quan- 40 ml Dunaliella culture 27.9 0.174 
or titative measurements of the utilization Time: 24 hours 
, and egestion of particulate organic 40 ml Dunaliella culture 5.07 0.032 
a- carbon by a planktonic filter-feeding 0.142 
i- marine crustacean, Euphausia pacifica. 16.7 
The experimental animals (E. pacifica) | Catabolized (by difference) 0.030 
were collected in net hauls (at a depth 
re of about 250 m) off the coast of La 
Jolla and were brought back at 10°C. 
yy to the laboratory within a few hours. intestinal tracts and digestive glands. are the calculated efficiencies with 
ve A period of 24 hours was usually Fecal pellets were removed from the which these animals were able to ac- 
b- allowed for the unfed captive animals water with a pipette and washed gently. cumulate carbon in their tissues through 
to void particulate matter from the gut. Finally, another aliquot of the algae digestive processes. 
it, Eight-day-old, 50-ml, bacteria-free cul- = taken out and filtered for C* _Respired co. was not determined 
p- tures of a green algal flagellate, Du- etermination. ; directly but was estimated by differ- 
of naliella primolecta, grown in a sea water After drying, each eviscerated eu- ence. An indirect gasometric method 
al medium (3), were labeled with C phausiid was weighed, combusted to was used also to calculate the mag- 
re (10 pe of NaHC"O) for 3 to 4 days carbon dioxide, and assayed for total nitude of total respiratory carbon for 
nd and were then supplied as food. The carbon (4). The mean of 16 carbon comparison with the C' method. 
an teed determinations is 34.6 percent on a Oxygen consumption was found to be 
to the animals in the laboratory ranged dry weight basis (range 25.4 to 39.0 linear over several hours at 10°C by 
N between 0.117 and 0.313 mg. percent). The CO, thus produced was_ tests with the water analyzer devised 
iN On the day of an experiment the recovered as BaCO, and counted for by Scholander et al. (6). Qo. values 
algae were collected by centrifugation, — radiation in a windowless propor- were based upon eight analyses of indi- 
an washed free of soluble C4, and sus- tional counter (Nuclear Measurements vidual animals, and showed a range of 
pended in sea water previously filtered Corporation). The amount of C14 0.85 to 1.52 ml/gm per hour, from 
“ through Millipore membranes (0.45 activity in the barium carbonate was which the mean of 1.14 was derived. 
porosity). Total organic carbon and corrected against a self-absorption curve. On the assumption that the respiratory 
12 C4 measurements were determined for The radiation emitted by the radio- quotient was 1.0, CO, evolution was 
- aliquots of the algal culture. This in- active algae was also counted. No self- calculated from the average oxygen 
pe formation provided the proportion of absorption correction was made for consumption, and was found to have a 
be total carbon to C4 in the algae. The filtered algae because of the extremely reasonably close correspondence in 
Si culture was suitably diluted to give low weight of the sample and the lack some cases with data collected by the 
illi- approximately 0.1 to 0.3 mg of algal of measurable absorption of the C'* C* method (animals Nos. 1 ta 4, 
57). carbon in a vessel (about 1 to 3 x 105 Tadiation (5). Table 2). 
2 cells per milliliter). Each vessel was Knowing the C**/total Cc ratio of an Some animals (Table 2) showed a 
ical then supplied with an adult euphausiid algal sample permits the calculation of larger catabolic carbon fraction than 
tive (dry weight 3 to 5 mg). When euphausiids the total carbon contributed by the algae, could be accounted for by respiratory 
are put into a heavy suspension of ®S shown in Table 1. The constancy processes alone. It is probable that 
algae, that is, enough cells to tint the of the ratio C'*/total C was tested. It catabolic carbon compounds other than 
sea water green, they quickly filter out @PPears that there usually is a change, CO, are excreted by the animals. 
enough algae to completely fill the due to respiratory processes, of —4 to From Table 2 it is also seen that 
intestine, digestive gland, and crop. ae percent in this ratio over the ex- large variations may exist in the effi- 
Control bottles without animals were Perimental period. Table 1 presents ciency of these zooplankters to incorpo- 
included to ascertain the amount of ‘the results of a typical experiment. rate ingested carbon. In the animals 
algal respiration. Bottles were usually Table 2 gives the carbon balances tested, this ranged between 11.3 and 
of 65-ml capacity and contained 40 ml calculated from the C**/total C ratios 73.6 percent. However, the fate of the 
sch- of fluid, but occasionally larger bottles found for eight animals at different incorporated carbon was not ascer- 
| to were used. At the start of the experi- phytoplankton densities. Also shown tained. These data may reflect depo- 
et ment an aliquot of the sea water con- 
.044 taining the radioactive algae ates Table 2. Carbon budget of Euphausia pacifica. All weights are given in milligrams. 
‘bon removed to determine the quantity of 
per organic carbon available to the animals. wee wie a: 
32.5 The method of Kay (4) was used for wt, in, of gut Wt.C bolic 
| : No. of eviscer- in offered by incor- _incor- and egested C, in- lated 
, for measurement of organic carbon. An- animal ated animal to animal porated poraied gland cluding from 
they other aliquot of algae was retained on enimal 
hips and analyzed for C™*. 3 30 101 336 0.156 0.056 0.021 378 0.003 0.007 0.025 0.021 
ined The experimental bottles and the 4 39 1.49 382 0.117 
ple, contents were kept in the dark at 10°C 0.002 0.002 0.065 0.033 
tric for 24 hours. Then the animals were 7 34 1.27 37.4 0.313 0.147 0,062 42.2 0.011 0.002 0.073 0.024 
eel removed, washed in filtered sea water, 8 5% 1.62 31.8 0.313 0.101 0.029 29.7 0.006 0.001 0.065 0.035 
“is and dissected to remove both their 
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sition of storage products or actual 
growth. 

The effect of varying temperatures 
on oxygen utilization was tested gaso- 
metrically. The euphausiids were found 
to have a Qw of approximately 2 be- 
tween 5° and 12°C. This would imply 
that when these animals cross the 
thermocline into warmer water their 
basal carbon needs increase. However, 
except those by Fox et al. (7), few 
published data exist on the amount of 
particulate carbon available for zoo- 
plankters in the sea. 

Application of the method presented 
in this paper to other organisms, with 
proper attention to the experimental 
variables cited here, may permit a di- 
rect measurement of the carbon flow 
through biological systems in aquatic 
environments. Future investigations 
call for studies of relative nutritional 
states and comparative proportions of 
stored reserves in experimental animals 
(8). 

REUBEN LASKER* 
Scripps Institution of Oceanography, 
University of California, La Jolla 
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Toxicity of Bacterial 
Exotoxins by the Oral Route 


Abstract. Reports to the contrary not- 
withstanding, both tetanus and diphtheria 
toxins are demonstrably orally toxic. The 
significance of this finding is considered in 
relation to the definition of those factors 
which are determinants of the potency of 
bacterial protein toxins by the oral route. 


The statement has often been made 
that among the classical bacterial pro- 
tein exotoxins, that is, diphtheria, teta- 
nus, and botulinum, only the latter is 
poisonous by the oral route (J). Thus, 
it is tempting to attribute the orally 
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Table 1. Toxicity of tetanus toxin in mice of 18 to 20 gm weight by intraperitoneal and per os 
administration. The preparation employed was a crude culture filtrate kindly made available by 
a commercial source from a routine production run in which the Harvard strain of tetanus 
bacillus, grown in a protein digest medium, was used. The filtrate was potent enough to permit 
the oral introduction of a fatal dose in a volume of fluid well tolerated by the mouse. The 
technique of per os injection has been reported and does not result in macroscopic evidence 
of tissue trauma (3). With this preparation of toxin, 3 ml (but not less), when given orally to 
guinea pigs of 800 to 1000 gm weight, resulted in death. Eight control mice received 500 units 
of antitoxin and were then injected with 0.5 ml of undiluted toxin per os; none of these died. 


Intraperitoneal per os 
Deaths /No. injected 
Dose and Deaths /No. Dose and 

Dilution injected Dilution Mice not Mice starved 

starved 18 hr 

0.5 ml, 1 X 105 4/4 0.5 mil, undiluted 9/10 9/10 

0.5 ml, 2 X 105 4/4 0.25 ml, undiluted 7/10 6/10 

0.5 ml, 4 X 105 4/4 0.25 ml, 2-fold 2/10 2/10 

0.5 ml, 8 X 105 0/4 0.25 ml, 4-fold 3/10 1/10 

0.5 ml, 16 x 105 0/4 0.25 ml, 8-fold 1/10 1/10 


toxic nature of botulinal toxin to char- 
acteristics unique to this toxin. Recently 
a different point of view has been 
evolving (2). Toxicity of proteins by 
the oral route can be conceived as 
resting on the fact that the intestinal 
barriers to systemic absorption are im- 
perfect and permit the escape of small 
amounts of protein. If this hypothesis 
is correct, one might expect to find that 
in addition to botulinal toxin, other 
proteins which are poisonous in ex- 
tremely small amounts are potentially 
oral poisons. 

A logical candidate for a test of the 
concept is tetanus toxin, a simple pro- 
tein, whose potency by parenteral routes 
is of the same order of magnitude as 
the type A botulinal toxin. We have, 
therefore, tested for the oral toxicity 
of tetanus toxin in spite of the negative 
reports in the bacteriological literature. 

Employing the Namru_ strain of 
white mouse, three separately prepared 
batches of crude tetanus toxin, kindly 
supplied by a commercial source from 
production runs, proved to be orally 
toxic. A typical experience is recorded 
in Table 1. The specificity of deaths 
was confirmed by observation of the 
protective value of specific antitoxin. 
Repeated titrations showed that be- 
tween 200,000 and 1,200,000 times the 
intraperitoneal LDs was required for 
one oral LDs. With the same strain of 
mice and crystalline type A_botulinal 
toxin, 50,000 to 250,000 intraperito- 
neal LDs are needed for an oral LDso 
(3). 

The tetanus toxin also proved capable 
of killing large guinea pigs (800 gm) 
when 600,000 or more intraperitoneal 
lethal doses were given an individual 
animal per os. 

Tests were also performed with crude 
diphtheria toxin. An occasional Namru 
strain mouse was poisoned orally. The 
oral toxicity for guinea pigs was ir- 
regular in occurrence and required the 
use of volumes (>3 ml) of the toxic 


fluid near the practical limits for per os 
injections. Consequently, it did not 
prove practical to collect data for cal- 
culation of oral LDs values. The 
sporadic nature of the observations of 
oral toxicity for the mouse by diphtheria 
toxin perhaps i8 not surprising, since 
mice are thousands of times less sensi- 
tive to the toxin parenterally than are 
guinea pigs (4). In the future it will 
be desirable to test more highly con- 
centrated preparations of the diphtheria 
toxin than have been available for the 
present study: 6000 (crude toxin lot 
65316 from Merck, Sharp and Dohme) 
and 30,000 (ultrafiltrate lot Rx 057435- 
437 Parke, Davis and Co.) intra- 
peritoneal LD» for the guinea pig per 
milliliter. 

Can the reported lack of oral toxicity 
for tetanus and diphtheria toxins be 
reconciled with our positive findings? 
The answer may relate to the fact that 
unlike the situation for Clostridium 
botulinum, laboratory cultures of teta- 
nus and diphtheria bacilli generally do 
not produce concentrations of toxin in 
a volume of fluid that is feasible to 
inject into the alimentary tract of small 
laboratory animals as a fatal single 
dose. In our experience with such ma- 
terial, a number of oral doses separated 
in time must be given in order to be 
able to introduce without regurgitation 
and loss of the injected preparation 
enough toxin for fatalities to occur. I 
believe that negative reports result from 
trials with single injections of insuffi- 
ciently concentrated toxin. When con- 
centrated toxin preparations are tried, 
I predict a much larger number of 
bacterial toxins than are presently 
known will prove to be orally toxic. In 
this event, the reputation of botulinal 
toxin as an oral poison must rest not 
on any single intrinsic property of the 
toxin molecule, but rather on the par- 
ticular ecological circumstances which 
permit the presence, growth, and toxin 
production of C. botulinum in a variety 
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of foods. One will also expect to find 
an occasional case of food poisoning 
when, by chance, a rare concatenation 
of events will result in significant pro- 
duction of toxin in foods by bacterial 
species not ordinarily considered food 
poisoning organisms (5). 

CaRL LAMANNA 
Naval Biological Laboratory, 
School of Public Health, 
University of California, Berkeley 


References and Notes 


1. R. A. Kelser and H. W. Schoening, Manual 
of Veterinary Bacteriology (Williams and Wil- 
kins, Baltimore, ed. 2, 1955), p. 347; W. E. 
van Heyningen, Bacterial Toxins (Blackwell 
Scientific Publications, Oxford, 1950), p. 18; 
C. M. MacLeod and A. M. Pappenheimer, Jr., 
in Bacterial and Mycotic Infections in Man 
(Lippincott, Philadelphia, ed. 2, 1952), p. 81. 
A. J. May and B. C. Whaler, Brit. J. Exptl. 
Pathol. 39, 307 (1958); C. Lamanna, Science 
130, 763 (1959). 

C. Lamanna and C. E. Meyers, J. Bacteriol. 
79, in press. 

. A. M. Pappenheimer, Jr., Federation Proc. 6, 
479 (1947). 

This work was supported by the Bureau of 
Medicine and Surgery and the Office of Naval 
Research, U.S. Navy, under a contract with 
the regents of the University of California. 
Opinions expressed in this report are not to be 
construed as reflecting the views of the Naval 
Service. Acknowledgment is made to Merck, 
Sharp and Dohme and Parke, Davis and Co. 
for kindly supplying toxins tested. 


December 1959 


Nn 


Effect of 5-Hydroxytryptamine 
and Iproniazid on Pregnancy © 


Abstract. The effects of 5-hydroxytryp- 
tamine and iproniazid on pregnancy in 
mice and rabbits were investigated. 5-Hy- 
droxytryptamine can interrupt pregnancy 
at all stages in mice but is particularly 
effective early and late in pregnancy. 
Iproniazid exerts its action essentially in 
the first half of pregnancy. 5-Hydroxytryp- 
tamine produces striking hemorrhage in 
the placenta. 


We were led to investigate the effects 
of 5-hydroxytryptamine (5-HT) and 
iproniazid on pregnancy, in view of the 
facts that (i) 5-HT is liberated in the 
body by reserpine (7), which has an 
effect on pregnancy in rats (2) and (ii) 
iproniazid inhibits the destruction of 
5-HT by monoamine oxidase and is 
known to increase the level of S-HT 
in rats (3). 

Experiments were carried out on fe- 
male mice of known fertility. The first 
day of pregnancy was counted from the 
finding of the vaginal plug. The animals 
were treated subcutaneously at various 
stages of pregnancy, since it had been 
shown previously that different drugs 
are effective at different stages (4). 
5-Hydroxytryptamine was given in two 
divided doses per day, while iproniazid 
was given in a single daily dose. Treat- 
ment was given in the following periods: 
1 to 6 days, covering the preimplanta- 
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tion zygotic development; 3 to 8 days, 
covering the period of implantation; 6 
to.11 days, covering the early stages of 
decidua formation; and 11 to 16 days, 
covering the stage of well-developed 
placenta and well-differentiated fetus. 
The animals were observed for signs of 
vaginal bleeding and loss of weight. 
Laparotomy was performed on the day 
after the end of treatment. The results 
are shown in Table 1. 

It is obvious that both drugs have 
effects on pregnancy though not exactly 
at the same stage. The effects of 5-HT 
appear to be most striking in the early 


aim: 


and late stages of pregnancy, while 
iproniazid has marked effects in the 
first half of pregnancy, particularly at 
the period covering implantation, and 
little effect later on. The results suggest 
that one of the effects of both of these 
drugs is to prevent implantation. 

The marked effects of 5-HT on estab- 
lished pregnancy led to a more detailed 
investigation at this stage, all experi- 
ments being performed on the 14th or 
15th day. Animals were injected with 
total doses of 4, 2, 1, 0.375 to 0.5, and 
0.15 to 0.24 mg of 5-HT given in 
divided injections spread over a period 


5-HT (s (Top) Microphotograph of the pl 

even injections) on th placenta of a mouse inj ; eS 2 

131 Eo Normal pl the 14th day of e injected with 2 5 

placenta at the same stage of pregnancy and killed the next da — , 

pregnancy. (About x 72.5) y. (Bottom) ‘ 
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of 1 day, or of 3 to 4 days in the case 
of the last two doses. Interruption of 
pregnancy was complete (2/2 and 9/9) 
in animals treated with doses of 4 and 
2 mg, respectively, but was incomplete 
(1/4, 3/7, and 2/8, respectively) in the 
remainder. Intravenous injection of 0.25 
mg of 5-HT in three mice at the same 
stage of pregnancy had no effect. 

Thus it is obvious that 5-HT, even in 
small doses, can interrupt pregnancy. In 
such cases the uterus appeared dark, 
and in some cases almost black, in color 
at laparotomy. When the uterus was 
opened, the placentas showed gross 
hemorrhagic changes, mostly involving 
the fetal part, while the amniotic sac 
contained the reabsorbing fetus in the 
form of a yellow gelatinous material. 
In some of the animals that had re- 
ceived the smaller doses of 5-HT and in 
which pregnancy appeared normal, 


minute hemorrhages in the placentas © 


were nevertheless obvious to the naked 
eye. Histological examination of the 
placentas of animals in which preg- 
nancy had been disturbed revealed mas- 
sive collections of red blood corpuscles 
just under the surface and disorganiza- 
tion of the normal villous pattern (see 
Fig. 1). 

In an attempt to determine how 
rapidly 5-HT could produce deleterious 
changes in the uterine contents, nine 
mice in an advanced stage of pregnancy 
(17 days) were injected subcutaneously 
with a single dose of 1 or 2 mg of 5-HT 
and examined at intervals ranging from 
Y% to 3% hours after the injection. In 
two animals injected, respectively, with 
2 and 1 mg of 5-HT and examined %2 
hour later, there were obvious hemor- 
rhagic changes in all the placentas, 
and all the fetuses were already dead. 
Some of the fetuses in animals exam- 
ined later were still alive, but the pla- 
centas of these animals showed hemor- 
rhagic changes, and the placentas of all 
animals killed 2 or more hours after 
the administration of 5-HT showed 
marked hemorrhagic changes. It is ob- 
vious, therefore, that 5-HT can very 


Table 1. Effect of 5-HT and iproniazid at 
various stages of pregnancy in mice. The 
ratios represent the number of animals found 
pregnant out of the total number of animals 
used. 


Period of 5-HT Iproniazid 
treatment (1 mg/day) (5 to 10 mg/day) 


(day No.) Control Treated Control Treated 


3-8 T/12 =1/12 12/14 2/14 
6-11 15/26 8/26 12/20 0/15 
11-16 0/11* 9/13t 


* All animals were pregnant on the 11th day 
—that is, before treatment was_ started. 
* Three litters were born dead at full term. 
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rapidly produce hemorrhage and dis- 
organization of the placenta, leading 
to death of the fetus. 

Experiments on rabbits gave rather 
similar results, including hemorrhage 
in the placenta. The most marked ef- 
fects were seen late in pregnancy. 

The fact that relatively small doses 
of 5-HT can interrupt pregnancy and 
produce in the placenta hemorrhages 
which simulate findings in the human 
placenta in the toxemia of pregnancy 
[where red infarcts are constantly ob- 
served (5)] raises the question whether 
5-HT is invoived in the pathogenesis of 
toxemia (6). 

EVELYN POULSON 
M. Botros* 
J. M. Rosson 
Department of Pharmacology, 
Guy’s Hospital Medical School, 
London, England 
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Viruses Associated with Epidemic 
Hemorrhagic Fevers of the 
Philippines and Thailand 


Abstract. Epidemiologic, clinical, and 
etiologic studies were carried out on a 
newly recognized, frequently fatal, pedi- 
atric disease syndrome which occurred in 
urban areas infested with Aedes aegypti 
mosquitoes. Four types of dengue virus 
(two of which are new), chikungunya 
virus, and another virus yet to be identi- 
fied were isolated from the blood of 
patients. Dengue viruses, types 2 and 3, 
were isolated from the mosquitoes. Ample 
serologic confirmation was obtained of 
concurrent hemorrhagic fever and _ infec- 
tion with one or more of these viruses. 
Thus, it was discovered that viruses of 
previously recognized types and of closely 
related new types apparently have etiologic 
roles in a new and highly dangerous epi- 
demic disease syndrome. 


Pediatricians observed a number of 
cases of a serious, frequently fatal, 
hemorrhagic, febrile disease in Manila, 
Luzon, in the rainy season of 1954. It 
was described as a new disease entity 
hemorrhagic 


and named Philippine 


fever (1). During the rainy season of 
1956, a large epidemic occurred in 
Manila. This coincided with a search 
for the arthropod-borne [ar-bo (2)] 
viruses of the area that was being made 
by a field research unit (3) under the 
direction of one of us (W.M.H.) Ob- 
servations of a clinical, epidemiologic 
and laboratory nature on hemorrhagic 
(“H”) fever were included in the study, 
though no relation to arthropod trans- 
mission was then recognized. 

Over 750 cases of “H” fever were re- 
ported in Manila during the rainy-season 
months of July through October; ap- 
proximately 10 percent of the cases 
were fatal. With few exceptions the 
disease occurred children, pre- 
dominantly below 6 years of age; all 
were orientals, in urban or suburban 
areas where Aedes aegypti were present 
in relatively large numbers. Cases were 
not found where A. albopictus but not 
A. aegypti were present. The disease, 
although having some similarities to 
the epidemic hemorrhagic fever of 


’ Korea and Manchuria, could be readily 


differentiated clinically; also, it did not 
closely resemble yellow fever, lepto- 
spirosis, or Omsk or Crimean hemor- 
rhagic. fevers. 

As_a result of a preliminary report 
(4) on the disease, one of us was re- 
quested to study an alarming epidemic 
which occurred in and near Bangkok 
during the rainy season of 1958. Here 
again a distinctive hemorrhagic disease 
had been first recognized in 1954, 
occurring as a small epidemic among 
children, and a few cases had been 
observed annually thereafter at the same 
season. Approximately 2500 hospital- 
ized cases and 250 deaths marked the 
major epidemic observed and reported 
here. Clinically the disease resembled 
rather closely that observed in Manila, 
but it differed in significant ways; this 
led the clinical observer of cases in 
both areas (W.M.H.) to expect to find 
a related but different etiologic agent. 
The age and race of the patients and 
the seasonal and urban distribution of 
the diseases in Thailand and the Philip- 
pines, were similar, as well as the 
marked association with A. aegypti. 

Mosquitoes from the area and blood 
sera from patients in the acute and 
convalescent phases of the disease were 
collected, frozen in dry ice, and trans- 
ported to Pittsburgh. Sera, in several 
dilutions, from patients in the acute 
phase and mosquito suspensions by 
species were inoculated intracerebrally 
into suckling mice and passaged blindly 
when necessary. Because of the pos- 
sibility suggested by epidemiologic find- 
ings that dengue-related viruses might 
be involved, the surviving mice were 
challenged with dengue virus type 2, 
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Table 1. Antigenic pattern of dengue viruses, including new types, by neutralization and by comple- 


ment fixation tests. 


Neutralization index, 


Dengue Complement fixation titer, 
virus monkey sera, by type mouse sera, by type 
_ 1 2 3 4 1 2 3 4 
1 5400 170 160 140 16 8 + <4 
2 10 1000 72 27 <4 128 <4 <4 
3 4- 2 1000 3 4 32 32 4 
4 4 2 1 >4350 <4 8 8 32 


and immunity was frequently demon- 
strated. 

From the Manila area, 14 viruses 
were adapted to suckling mice; in each 
case adaptation required 10 to 20 pas- 
sages. Incubation periods shortened 
from 20 or more days to 3 or 6 days, 
and titers rose from <10° to 10+ or 10° 
LD,,.. These all proved to be anti- 
genically related to dengue viruses types 
1 and 2 (5) but, except for a single 
type 2 strain, represent new _ types. 
Designation as dengue types 3 and 4 
is recommended. Antigenic relations of 
the group as determined by comple- 
ment fixation and by neutralization are 
shown in Table 1 (6). Human sera 
yielded nine type 3 and two type 4 
viruses, and one type 2 virus, while 
Aedes aegypti and Culex tritaenio- 
rhynchus each yielded one type 3 virus; 
these were the first dengue viruses to be 
reported from wild-caught mosquitoes. 

From Bangkok, agents were isolated 
with less difficulty both from human 
sera and from Aedes aegypti. Of nine 
isolations made and identified in our 
laboratory, six were found, by neutrali- 
zation and complement fixation tests, to 
be similar antigenically to dengue type 
2, and three, to chikungunya, a group-A 
virus causing a dengue-like febrile dis- 
ease in Africa and apparently trans- 
mitted there by A. aegypti (7). Three 
isolations typed as dengue 2 were from 
A. aegypti, while all other dengue and 
chikungunya viruses were from serum. 
Among viruses isolated from serum by 
other workers in Bangkok and sent to 
us for identification were two of the 
chikungunya type (8) and one tenta- 
tively identified as dengue type 1 (9). 
One of our isolations from human 
serum behaves like still another agent. 
Thus, three or possibly four virus types 
have been isolated. Other sera are still 
under tes*. 

Serological studies of patients are as 
yet incomplete, but by demonstrating a 
tise of antibody titer in suitably spaced 
paired specimens in a combination of 
neutralization, complement fixation, and 
hemagglutination-inhibition tests, we 
have obtained ample confirmation of 
concomitant infection with one or more 
of these viruses and the disease syn- 
drome. A number of patients from 
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Bangkok showed a simultaneous rise in 
titer in response to both chikungunya 
and dengue viruses. A few patients 
having brief, principally mild, illnesses, 
without shock, showed no rise in anti- 
body titer in response to the group A 
or B agents employed. 

It is too early to evaluate completely 
the possible etiological significance of 
all these agents isolated from blood sera 
of patients with the broad clinical syn- 
drome of “H” fever and from mos- 
quitoes of the two epidemic urban 
areas. However, it is difficult to draw 
any conclusion other than that of prob- 
able etiologic relationship when the 
following points are considered: (i) 
viruses of the same type were isolated 
from several patients with the same 
syndrome; (ii) homologous rises in 
antibody titer were demonstrated in 
these and in numerous other patients; 
(iii) the epidemic pattern of the dis- 
ease, with seasonal occurrence and 4A. 
aegypti association, was similar to that 
expected for related agents; (iv) several 
of the agents were isolated from A. 
aegypti mosquitoes; (v) no classical 
dengue-like disease was observed simul- 
taneously in the areas; and (vi) older 
persons in these communities were prob- 
ably immune to these or closely related 
agents; this would explain the unusual 
age distribution for the observed dis- 
ease. Such immunity had been par- 
tially demonstrated in previous surveys, 
dengue antibody having been found in 
Manila (/0) and Semliki Forest virus 
(related antigenically to chikungunya) 
antibody in Bangkok (//). 

The next question of major interest 
which these observations raise is the 
adequacy of antigenic analysis, now 
generally accepted as the final method 
of identification for the ar-bo virus 
group. Several of the incriminated 
agents are identical with, or very closely 
related antigenically, to agents causing 
either classical dengue (dengue types 1 
and 2) or chikungunya disease (bent 
bones). The “H” fevers do not re- 
semble the classical dengue syndrome. 
It is true, however, that in association 
with a few epidemics called dengue on 
a clinical basis, an occasional hemor- 
rhagic case, sometimes fatal, has been 
reported. Such cases could either have 


represented other infections or have 
been an indication that hemorrhagic 
variants of the common viruses oc- 
casionally arise. Sabin (J2) noted 
occasional petechiae in cases of dengue 
among volunteers. Further study is 
obviously required. 
W. McD. HAMMON 
RuDNICK 
G. E. SATHER 
Department of Epidemiology and 
Microbiology, Graduate School of Public 
Health, University of Pittsburgh, 
Pittsburgh, Pennsylvania 


References and Notes 


1. F. N. Quintos et al., Philippine J. Pediat. 3, 
1 (1954). 

2. We now prefer this abbreviation for the term 
arthropod-borne zoonoses viruses to the com- 
monly used “arbor,” thought erroneously by 
many to be of Latin derivation and to mean 
tree. 

3. This investigation was carried out in cooper- 
ation with the American Armed Forces; the 
Philippine Health Department; the School 
of Hygiene, University of the Philippines; and 
the Philippine National Museum. The work 
was done in part under the sponsorship of 
the Commission on Viral Infections, Armed 
Forces Epidemiological Board, and was sup- 
ported by the Office of the Surgeon General, 
Department of the Air Force, by the Office 
of the Surgeon General, Department of the 
Army, and by a research grant from the 
National Institutes of Health, U.S. Public 
Health Service. 

4. W. McD. Hammon et al., Abstr. 9th Pacific 
Sci. Congr. Bangkok (1957), p. 187. 

, Abstr. 6th Intern. Congr. Trop. Med. 
and Malaria, Lisbon (1958), p. 163. 

6. These relationships were subsequently con- 
firmed by hemagglutination inhibition and 
by complement fixation by Jordi Casals of 
the Rockefeller Foundation. 

7. M. C. Robinson, Trans. Roy. Soc. Trop. Med. 
Hyg. 49, 28 (1955); W. H. R. Lumsden, ibid. 
49, 33 (1955). 

8. The viruses were isolated by Sriprapai Phong- 
Aksara of the Queen Saovabhas Mentorial, 
Pasteur Institute, Bangkok, Thailand. 

9. The virus was isolated by Sman Vardhanabhuti, 
Faculty of Medicine in Chiengmai, Siriraj 
Hospital, Dhonburi, Thailand. 

10. W. McD. Hammon et al., Am. J. Trop. Med. 
Hyg. 7, 323 (1958). - 

11. W. L. Pond et al., paper presented at the 9th 
Pacific Science Congress, Bangkok (1957). 
12. A. B. Sabin, Am. J. Trop. Med. Hyg. 1, 

30 (1952). 


19 November 1959 


Species Differentiation of Insects 
by Hemolymph Electrophoresis 


Abstract. By means of microelectro- 
phoresis in agar gel, we studied the 
hemolymph proteins of different species of 
the family Triatomidae (class Insecta) and 
different species of the families Ixodidae 
and Argasidae (class Arachnoidea). The 
results show a specific electrophoretic pat- 
tern for each species. Insects infected with 
pathogenic organisms have the same pat- 
tern as normal insects. 


The hemolymph of blood-sucking in- 
sects has a high protein content (7 to 
8 gm-percent by refractometric deter- 
mination); 2 to 3 pl hemolymph are 
easily taken by cutting a leg of the in- 
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D A 


infestans 


T. vitticeps 


P megistus 
Fig. 1. 


sect, or by puncturing a lymphatic 
gland. Electrophoresis was carried out 
on a microscopic slide covered with a 
1-mm layer of buffered agar gel (1 per- 
cent agar in a barbital buffer at pH 
8.3. » 0.05) (1). The electrophoretic 
run took place at 140 volts and required 
25 minutes. After fixation and drying 
the plates were stained with amidoblack 
10 B (Bayer). The relative mobilities 
of the different fractions were obtained 
by comparing their migration rates 
with those of a standard mixture con- 
taining human albumin, siderophilin, 
and depolymerized dextran. The dis- 
tance between albumin and dextran 
(a molecule with zero charge) was 
taken as a unit. 

For the class Arachnoidea, we 
studied two species of the genus Hya- 
lomma belonging to the Ixodidea: H. 
excavatum (Koch, 1844) and H. im- 
peltatum (Schulze and Schlottke, 1930). 
Electrophoretic patterns with 11 frac- 
tions were obtained. There was a 
marked difference between the patterns 
for the two species studied. 

The two most important species in 
each of two genera belonging to the 
Argasidae were studied: from the genus 
Argas, A. reflexus (Fabricius, 1794) 
and A. persicus (Oken, 1818); from 
the genus Ornithodoros, O. moubata 
(Murray, 1877) and OO. savignyi 
(Audouin, 1827). Here, the differences 


brasiliensis 


5 


E.sordida 


R.prolixus 


Electrophoretic patterns for six species of the family Triatomidae. 


between the species were very striking, 
showing, however, a great analogy be- 
tween the two genera. The hemolymph 
proteins of A. reflexus give three frac- 
tions; the relative mobility (m;:) of the 
most important fraction is 0.880. Argas 
persicus shows five clearly distinguish- 
able fractions. Here, the most impor- 
tant fraction quantitatively (mr, 1.002) 
migrates at the same rate as human 
albumin. For the genus Ornithodoros, 
we studied the two species which, 
when infected with Borrelia hispani- 
cum, are very important agents in the 
transmission and _ dissemination of 
human disease. Ornithodoros moubata, 
the eyeless tampan, was investigated in 
both normal and infected condition. 
Twenty-three adult female ticks give 
a pherogram characterized by a frac- 
tion with mr of 0.813, which is quanti- 
tatively the most important fraction 
among 11 others. No changes could be 
observed in the pherograms of ticks in- 
fected with Borrelia hispanicum. The 
fluid released by the tick when biting 
has a low protein content. Electro- 
phoresis of this secretion gave only one 
fraction; the mr is 0.905, and thus, this 
fraction migrates faster than the main 
fraction of the tick’s hemolymph. 
Ornithodoros savignyi, a tick which 
closely resembles O. moubata, has a 
completely different pattern; only three 
fractions were observed, with mr of 


0.785, 0.888, and 1.019, respectively; 
the second is quantitatively quite dis- 
tinctive. 


Seven species belonging to four 
genera of Triatomidae (2) were 
studied: Triatoma infestans (Klug, 


1834), T. vitticeps (Stal, 1859), T. 
brasiliensis (Neiva, 1911); Panstron- 
gylus megistus (Burmeister, 1835); Eu- 
triatoma sordida (Stal, 1859); Rhod- 
nius prolixus (Stal, 1859) and R. pal- 
lescens (Barber, 1932). The electro- 
phoretic patterns for six of these spe- 
cies are shown in Fig. 1. Even though 
there is a striking analogy among these 
different genera, the pattern is specific 
for each species. We wish to emphasize 
the fact that no differences are found 
that reflect sex, age, or infection with 
Trypanosoma cruzi. So we are led to 
assume that the parasite takes no part 
in the protein metabolism of the in- 
sect. 

In a previous communication (3) 
it was shown that electrophoresis of the 
hemolymph proteins of these blood- 
sucking insects is not influenced by the 
species of the individual whose blood 
is utilized. This seems to show that 
these insects possess their own specific 
protein metabolism. On pherograms 
obtained after feeding, quantitative 
variations may be observed in _ the 
area: of the slowest-moving fractions, 
but this increase does not alter the 
specificity of the findings for the species 
under study. 

It is worth pointing out that, for the 
same species, we found repeatedly the 
same basic electrophoretic pattern. The 
constancy of our results for each insect 
individually emphasizes the specificity 
of this method. For instance, for 37 
determinations carried out for Tria- 
toma infestans, the m: of the main 
fraction is 0.785, with a standard devia- 
tion (c) of 0.018. 

It appears that electrophoresis of the 
insect’s hemolymph in agar gel could 
help confirm the findings of taxonomy 
(4). 

MARC VAN SANDE 
DENISE KARCHER 
Laboratory of Biochemistry, 
Institute for Tropical Medicine, and 
Laboratory of Neurochemistry, 
Institute Bunge, Antwerp, 
Belgium 
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Optical Rotation and 
Rotatory Dispersion 


A symposium, sponsored by the Of- 
fice of Naval Research, on optical ro- 
tation and rotatory dispersion was held 
at The Inn, Rancho Santa Fe, Calif., 
from 19 to 22 January. The conference 
featured three major aspects of this 
subject (i) the use or application of 
optical rotation and rotatory dispersion 
techniques in the elucidation of the 
conformation and configuration of in- 
organic, organic, and _ biochemical 
molecules; (ii) the application of quan- 
tum theory to optical rotation and ro- 
tatory dispersion; and (iii) the problems 
involved in developing instrumentation 
important to this discipline. The con- 
ference was organized by B. H. Leve- 
dahl (University of California, Los 
Angeles) and was dedicated to the 
memory of J. G. Kirkwood and W. 
Moffitt. 

The keynote speaker at the opening 
dinner was Werner Kuhn of the Uni- 
versity of Basel (Switzerland). Kuhn 
discussed rotatory dispersion and the 
vibrating momentum of optically active 
absorption bands applied to both or- 
ganic and inorganic molecules. His par- 
ticular concern was with anomalous 
dispersion associated with circular 
dichroism. 


Carl Djerassi (Stanford University) 
discussed the applications of anomalous 
optical rotatory dispersion to organic 
chemical problems. Djerassi, who has 
recently edited a book in the area of 
interest of this symposium, emphasized 
the great value of rotatory dispersion 
in the speedy resolution of steroid con- 
firmational problems by application of 
the octant rule. 


W. Klyne (Postgraduate Medical 
School, London) further emphasized 
the applicability of rotatory dispersion 
in structural and stereochemical studies, 
also emphasizing the application of the 
octant rule, in the development of 
which Moffitt had been actively inter- 
ested. 

A. Moscowitz (University of Minne- 
sota) discussed the application of the 
Kronig-Kransers theorem to optical ac- 
tivity. 

The second, session was introduced 
1S APRIL 1960 


Meetings 


with a paper presented by E. R. Blout 
(Polaroid Corporation and Harvard 
Medical School) in which new evi- 
dence on the helical sense in synthetic 
polypeptides and proteins was dis- 
cussed. This work, in which the cotton 
effect associated with the binding of 
dye molecules to polypeptides is uti- 
lized, represents an important break- 
through for the possible assignment of 
a helical sense to polypeptides and pro- 
teins. A theoretical approach to super- 
position rules in optical rotation was 
presented by Walter Kauzmann 
(Princeton University). This paper em- 
phasized the importance of second- 
order interactions to the assignment 
of rotations to optical isomers. 

A paper by Jacques Fresco, who was 
unable to attend, was read by Jen Tsi 
Yang. This paper was concerned with 
the rotatory dispersion of synthetic 
polynucleotides. Yang cited the recent 
accomplishment of the Harvard group 
who have been able to partially reverse 
the denaturation of deoxyribonucleic 
acid. 


J. H. Brewster (Purdue University) 
considered the application of the prin- 
ciples of confirmational asymmetry to 
various steroids and ketones. 

Optical rotation and _ polypeptide 
structure as well as the rotatory disper- 
sion of polypeptides and proteins was 
discussed by Ignacio Tinoco (Univer- 
sity of California, Berkeley) and Jen 
Tsi Yang (Dartmouth Medical School). 
The principal problem highlighted in 
these two papers was the importance of 
assigning a value to the helices present 
in a specific protein or polypeptide. 
Tinoco’s utilization of electrostatic 
fields to obtain oriented systems for 
such’ studies was of considerable in- 
terest. 

Bruno Jirgensons (Anderson Hos- 
pital and Tumor Institute, University 
of Texas) applied optical rotation to 
the classification of globular proteins. 
He emphasized the importance of the 
convergence of \» values upon denatura- 
tion for specific classes of proteins. 

The presentation of John A. Schell- 
man (University of Oregon) on the 
rotatory dispersion of amino acids and 
proteins provided an excellent back- 
ground for the discussions. 


These sessions were followed by a 
panel discussion on instrumentation in 
which representatives of various instru- 
ment manufacturers participated. The 
Rudolph Polarimetry Company was 
represented by R. Bruce, the Applied 
Physics Corporation by R. C. Hawes, 
Photovolt Corporation by G. Levy, 
and Perkin-Elmer Corporation by A. 
Savitsky. The need for high-quality in- 
strumentation and greater wavelength 
penetration was thoroughly discussed 
and evaluated. 

Short papers were presented by Paul 
Tso (California Institute of Tech- 
nology), on the optical properties of 
nucleic acids in nonaqueous solvents, 
and by Conmar Robinson (Courtaulds, 
Ltd., England), on the orientation of 
proteins in liquid crystals. Also of in- 
terest was the paper by G. L. Eichorn 
(Institute of Public Health, Baltimore) 
on the cotton effects found in some of 
the metal-containing proteins and in 
vitamin Bu. 

Leon Jones (University of Utah) 
brought the conference to a close with 
his discussion of some theories of op- 
tical rotation. 

Subjects of discussion at the confer- 
ence ranged from the quantum me- 
chanical basis of optical rotation and 
rotatory dispersion to applications in 
specific chemical problems. The ex- 
haustive discussion of the papers pre- 
sented was an indication both of the 
timeliness of the conference and of 
the growing interest in this field. 

The proceedings of this conference 
will be published by Pergamon Press. 

Tuomas W. James 
Zoology Department, 
University of California, Los Angeles 


Forthcoming Events 
May 


9-13. Society of Photographic Scientists 
and Engineers, natl. conf., Santa Monica, 
Calif. (SPSE, Box 1609, Main Post Office, 
Washington, D.C.) 

10-12. Farm Electrification, conf., 
Omaha, Neb. (N. S. Hibsham, AIEE, 33 
W. 39 St., New York 18) 

10-12. Severe Storms, American Meteor- 
ological Conf., St. Louis, Mo. (K. C. 
Spengler, AMS, 45 Beacon St., Boston 8) 

10-13. Fuel Element Fabrication, symp., 
Vienna, Austria. (Intern. Atomic Energy 
Agency, 11 Kirntner Ring, Vienna) 

11. Society of Medical Psychoanalysts, 
annual, New York, N.Y. (M. Ross, Ameri- 
can Psychiatric Assoc., 1700 18 St., N.W., 
Washington 9) 

11-13. American Assoc. of Genito- 
Urinary Surgeons, Dearborn, Mich. (W. J. 
Engel, 2020 E. 93 St., Cleveland 6, Ohio) 

11-13. American Assoc. of Physical 
Anthropologists, Washington, D.C. (E. E. 
Hunt, Jr., Peabody Museum, Harvard 
Univ., Cambridge 38, Mass.) 
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11-13. American Assoc. for Thoracic 
Surgery, 40th annual, Miami Beach, Fla. 
(H. T. Langston, 7730 Carondelet Ave., 
St. Louis 5, Mo.) 

11-13. American Inst. of Chemists, 
Minneapolis, Minn. (L. Van Doren, AIC, 
60 E. 42 St., New York 17) 

11-13. International Acetylene Assoc., 
annual, Seattle, Wash. (IAA, 30 W. 42 
St., New York 17) 

11-13. Quinones in Electron Transport, 
symp. (by invitation only), London, Eng- 
land. (G. E. W. Wolstenholme, Ciba 
Foundation, 41 Portland Pl., London, W.1 ) 

11-13. Rare ‘Earths in Biochemical 
and Medical Research, conf., Ames, Iowa. 
(J. G. Graca, College of Veterinary Medi- 
cine, Iowa State Univ., Ames) 

11-14. American Helicopter Soc., an- 
nual, Miami Beach, Fla. (H. M. Louns- 
bury, AHS, 2 E. 64 St., New York 21) 

11-14. National Science Fair-Inter- 
national, Indianapolis, Ind. (Science Serv- 
ice, 1719 N St., Washington 6) 

12. Protein and Amino Acid Supple- 
mentation, Chicago, Ill. [J. T. Sime (Assoc. 
of Vitamin Chemists), Evaporated Milk 


Assoc., 228 North La Salle St., Chi- 
cago 1] 
12-14. American Assoc. for Cleft 


Palate Rehabilitation, Denver, Colo. (D. C. 
Spriestersbach, University Hospitals, lowa 
City, Iowa) 

12-14. American Inst. of Industrial 
Engineers, annual, Dallas, Tex. (F. J. Tit- 
ler, AIIE, 145 N. High St., Columbus 15, 
Ohio) 

12-14. Virginia Acad. of Science, Rich- 


mond. (P. M. Patterson, Hollins College, 
Va.) 

13-14. Proctological Latina, 2nd intern., 
Rome, Italy. (G. B. E. Simonetti, Via S. 
Raffaele 3, Milano, Italy) 


15-18. American Soc. of Maxillo- 
facial Surgeons, Los Angeles, Calif. (E. C. 
Hinds, 1508 Medical Towers, Houston 25, 
Tex.) 

15-18. International College of Sur- 
geons, 12th biennial conf., Rome, Italy. 
(ICS, 1516 Lake Shore Drive, Chicago, 
Ill.) 

15-20. American Water Works Assoc., 
annual conv., Miami Beach, Fla. (H. E. 
Jordan, AWWA, 2 Park Ave., New York 
16) 

15-19. Institute of Food Technologists, 
20th annual, San Francisco, Calif. (C. S. 
Lawrence, IFT, 176 W. Adams St., Chi- 
cago 3) 

15-20. National Tuberculosis Assoc., 
Los Angeles, Calif. (J. C. Stone, 1790 
Broadway, New York 19) 

16-17. Society of American Military 
Engineers, natl. conv., Washington, D.C. 
(D. A. Sullivan, SAME, 140 S. Dearborn 
St., Chicago, III.) 

16-18. American Ophthalmological Soc., 
Colorado Springs, Colo. (M. C. Wheeler, 
30 W. 59 St., New York 19) 

16-18. American Trudeau Soc., Los 
Angeles, Calif. (F.. W. Webster, 1790 
Broadway, New York 19) 

16-19. American Urological 
Chicago, Ill. (W. P. Didusch, 
Charles St., Baltimore 1, Md.) 

16-20. Medical Library Assoc., Kansas 


Assoc., 
1120 N. 


City, Mo. (Miss N. A. Mehne, Upjohn Co. 
Library, 301 Henrietta St., Kalamazoo, 
Mich.) 

16-21. American Assoc. on Mental 
Deficiency, annual, Baltimore, Md. (N. A. 
Dayton, P.O Box 51, Mansfield Depot, 
Conn.) 

17-18. Superconductive Technique for 
Computing Systems, symp., Washington, 
D.C. (Miss J. Leno, Code 430A, Office of 
Naval Research, Washington 25) ~ 

17-20. American Assoc. of Plastic 
Surgeons, Milwaukee, Wis. (T. D. Cronin, 
6615 Travis St., Houston 25, Tex.) 

18-19. Agricultural Meteorology, 3rd 
conf., Kansas City, Mo. (K. C. Spengler, 
American Meteorological Soc., 45 Beacon 
St., Boston, Mass.) 

18-20. Society for Experimental Stress 
Analysis, spring, Indianapolis, Ind. (W. M. 
Murray, SESA, P.O. Box 168, Central 
Square Station, Cambridge 39, Mass.) 

18-27. Wool Conf., intern., Harrogate, 
Yorkshire, England. (A. W. Bennett, Tex- 
tile Inst., 10 Blackfriars St., Manchester 3, 
England) 

21-22. Society for Economic Botany, Ist 
annual, Lafayette, Ind. (Q. Jones, New 
Crops Research Branch, Beltsville, Md.) 

22. Maryland Acad. of Sciences, Balti- 
more. (J. W. Easter, Owings Mills, Md.) 

22-26. Air Pollution Control Assoc., 
53rd annual, Cincinnati, Ohio. (C. W. 
Gruber, 2400 Beekman St., Cincinnati 14) 

22-26. Oil and Gas Power Conf., Kansas 
City, Mo. (D. B. MacDougall, ASME, 29 
W. 39 St., New York 18) 

23-25. American Soc. for Quality 
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Control, annual conv., San Francisco, 
Calif. (W. P. Youngclaus, Jr., ASQC, 161 
W. Wisconsin Ave., Milwaukee 3, Wis.) 

23-25. National Telemetering Conf., 
Santa Monica, Calif. (A. F. Denham, 
American Rocket Soc., 925 Book Bidg., 
Detroit 26, Mich.) 

23-25. Technical Assoc. of the Paper 
and Pulp Industry, Chicago, Ill. (J. Win- 
chester, TAPPI, 155 E. 44 St. New 
York 17) 

23-26. Design Engineering Conf., New 
York, N.Y. (D. B. MacDougall, ASME, 
29 W. 39 St., New York 18) 

23-28. American College of Cardiology, 
9th annual conv., Indianapolis, Ind. (G. F. 
Greco, ACC, 114-08 Linden Blvd., Ozone 
Park 16, N.Y.) 

23-28. Instruments, Electronics, and 
Automation Exhibition, Olympia, London, 
England. (Industrial Exhibitions Ltd., 9 
Argyll St., London, W.1, England) 

23-28. International Ceramic Cong., 
7th, Great Britain. (G. N. Hodson, Or- 
ganizing Council, c/o Hathernware Ltd., 
Loughborough, England) 

23-28. International War—Prophylaxis 
Cong. for Physicians, Noordwijk ann Zee, 
Netherlands. (M. Knap, 46 Schubertstraat, 
Amsterdam, Netherlands) 

25-26. Refractory Metals and Alloys, 
symp., Detroit, Mich. (E. O. Kirkendall, 
AIIE, 29 W. 39 St., New York 18) 

25-5. International Federation for 
Housing and Town Planning, cong., Puerto 
Rico. (IFHTP, Park Hotel, Molenstraat 
53, The Hague, Netherlands) 

26-27. Psychophysiological Aspects of 
Space Flight (School of Aviation Medicine, 
USAF Aerospace Medical Center), symp., 
San Antonio, Tex. (J. Harmon, Southwest 
Research Inst., 8500 Culebra Rd., San 
Antonio 6) 

26-28. Society of Naval Architects 
and Marine Engineers, spring, Washington, 
D.C. (W. N. Landers, SNAME, 74 Trinity 
Pl., New York 6) 

29-2. Chemical Inst. of Canada, 43rd 
annual conf., Montreal, Quebec, Canada. 
(CIC, 18 Rideau St., Ottawa, Ontario, 
Canada) 

29-4. American Soc. for Horticultural 
Science, 8th annual of Caribbean Region, 
San Juan, Puerto Rico. (E. H. CaAsseres, 
Londres 40, O.E.E., Mexico 6, D.F.) 

29-5. International Commission on 
Irrigation and Drainage, 4th cong., Ma- 
drid, Spain. (D. Diaz-Ambrona, Comité 
Nacional Espafiol, c/o Ministerio de Obras 
Piblicas, Agustin de Bethencourt, 4, Ma- 
drid, Spain) 

30-1. American Gynecological Soc., 
Williamsburg, Va. (A. A. Marchetti, 
Georgetown Univ. Hospital, Washington 7) 

30-2. American Orthopaedic Assoc., 
Hot Springs, Va. (L. R. Straub, 535 E. 70 
St., New York 21) 

30-3. Asian-Pacific Cong. of Cardi- 
ology, 2nd, Melbourne, Australia. (A. E. 
Doyle, Alfred Hospital, Melbourne, S.1, 
Victoria, Australia) 

30-3. Fibre Science, annual conf., 
London, England. (A. W. Bennett, Textile 
Inst., 10 Blackfriars St., Manchester 3, 
England) 

30-4. Reactivity of Solids, 4th intern. 
symp., Amsterdam, Netherlands. (Ir. G. 
van Gijn, Secretary, 4th Intern. Symp. on 
the Reactivity of Solids, Technisch Hoge- 
school, Eindhoven, Netherlands) 
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a pure tritiated L-amino acid 
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June 


1-3. Instrumental Methods of Analysis, 
annual symp., Montreal, Quebec, Canada. 
(W. H. Kushnick, Instrument Soc. of 
America, 313 Sixth Ave., Pittsburgh 22, 
Pa.) 

1-5. Irrigation and Drainage, 4th intern. 
cong., Madrid, Spain. (D. Diaz-Ambrona, 
Comité Nacional Espanol de la Comision 
International de Riegos y Drenajes, Minis- 
terio De Obras Publicas, Agustin De. 
Bethencourt 4, Madrid) 

2-4. American Assoc. of Bioanalysts and 
California Assoc. of Clinical Laboratories, 
annual, San Francisco, Calif. (Mrs. M. K. 
Higgins, 75 Buena Vista Ave., San Fran- 
cisco 17, Calif.) 

2-4. Drugs Affecting Lipid Metabolism, 
intern. symp., Milan, Italy. (S. Garattini, 
c/o Institute of Pharmacology, Via del 
Sarto 21, Milan, Italy) 

3-8. Pan American Medical Women’s 
Alliance, 7th cong., San Juan, Puerto Rico. 
(Mrs. S. D. Rosekrans, 504 Newett St., 
Nullsville, Wis.) 

5-8. Special Libraries Assoc., S5ist an- 
nual, Cleveland, Ohio. (B. M. Woods, SLA, 
31 E. 10 St., New York 3) 

5-9. American Soc. of Mechanical En- 
gineers, summer annual and aviation conf., 
Dallas, Tex. (L. S. Dennegar, ASME, 29 
W. 39 St., New York 18) 

5-9. World Power Conf., Madrid, Spain. 
(D. J. Pérez, Pozualo, Spanish National 
Committee, General Pardinas, 55, Madrid, 
Spain) 

5-10. National Conf. on Social Welfare, 


annual, Conf. 
on Social Welfare, 
Columbus 15, Ohio) 

5-14. XXV Cold Spring Harbor Symp. 
on Quantitative Biology, Cold Spring Har- 
bor, N.Y. (A. Chovnick, Biological Lab- 
oratory, Long Island Biological Assoc., 
Cold Spring Harbor) 

6-10. International Conf. on Live Polio- 
virus Vaccines, Washington, D.C. (Secre- 
tariat, Pan American Health Organiza- 
tion/World Health Organization, 1501 
New Hampshire Ave., NW, Washington 
6; 

7-11. Microwave Tubes, intern. cong., 
Munich, Germany. (Nachrichtentechnische 
Gesellschaft im VDE (NTG), Frankfurt- 
am-Main, Osthafenplatz 6, Germany) 

7-13. Dosimetry in Health Physics, 
symp., Vienna, Austria. (International 
Atomic Energy Agency, 11 Kiarntner Ring, 
Vienna 1, Austria) 

7-15. Partial Differential Equations and 
Continuum Mechanics, intern. conf., Madi- 
son, Wis. (R. E. Langer, Mathematics Re- 
search Center, U.S. Army, Univ. of Wis- 
consin, Madison 6) 

8-9. Selenium in Nutrition, conf., Ithaca, 
N.Y. (K. C. Beeson, U.S. Plant, Soil, and 
Nutrition Laboratory, Ithaca, N.Y.) 

8-10. Canadian Federation of Biological 
Societies (Canadian Physiological Soc., 
Pharmacological Soc. of Canada, Canadian 
Assoc. of Anatomists, Canadian Biochemi- 
cal Soc.), 3rd annual, Winnipeg, Manitoba. 
(E. H. Bensley, Montreal General Hospital, 
1650 Cedar Ave., Montreal 25, P.Q.) 

8-11. National Soc. of Professional En- 


Atlantic City, N.J. (Natl. 
22 West Gay St., 


gineers, annual, Boston, Mass. (P. H. 
Robbins, NSPE, 2029 K St., NW, Wash- 
ington 6) 


8-12. American College of Chest Phy- 
sicians, Miami Beach, Fla. (M. Kornfeld, 
112 E. Chestnut St., Chicago 11, Ill.) 

9-10. American Geriatrics Soc., Miami 
Beach, Fla. (R. J. Kraemer, 2907 Post Rd., 
Warwick, R.I.) 

9-11. Acoustical Soc. of America, Provi- 
dence, R.I. (W. Waterfall, ASA, 335 E. 45 
St., New York 17) 

9-11. Endocrine Soc., Miami Beach, 
Fla. (H. H. Turner, 1200 N. Walker, Okla- 
homa City 3, Okla.) 

9-11. National Speleological Soc., an- 
nual, Carlsbad, N.M. (G. W. Moore, U.S. 
Geological Survey, Menlo Park, Calif.) 

9-12. American Medical Women’s 
Assoc., Miami Beach, Fla. (Mrs. L. T. 
Majally, 1790 Broadway, New York 19, 
N.Y.) 

9-12. American Rheumatism Assoc., an- 
nual, Hollywood-by-the-Sea, Fla. (F. E. 
Demartini, Presbyterian Hospital, 622 W. 
168 St., New York 32) 

9-12. American Therapeutic Soc., Miami 
Beach, Fla. (O. B. Hunter, Jr., 915 19 St. 
NW, Washington 6) 

10-12. American College of Angiology, 
Miami Beach, Fla. (A. Halpern, 11 Hamp- 
ton Court, Great Neck, N.Y.) 

10-12. American  Electroencephalo- 
graphic Soc., Boston, Mass. (G. A. Ulett, 
1420 Gratten St., St. Louis 4, Mo.) 

10-12. Society for Biological Psychiatry, 
Miami Beach, Fla. (G. N. Thompson, 2010 
Wilshire Blvd., Los Angeles 57, Calif.) 


feed. Immediate delivery. 


GILLINGS-BRONWILL 


THIN: SECTIONING 
MACHINE 


RESEARCH 


PRODUCTION 


Cut sections of teeth and bone as 
thin as 35 microns, stone and 
crystal to .005” thinness. Speci- 
mens require little or no polish- 
ing. High speed 6500 RPM dia- 
mond wheel, automatic table 


Specifications 
BRONWILL SCIENTIFIC 
Division of Will Corporation 


3903 Russell St., Box 3927, Rochester 10, N. Y. 
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* *& *& * Have you 


applied for Your share of 
FEDERAL NDEA MONEY? 


Have you enriched your science courses? 
As you are aware, Federal support is avail- 
able to you under Title III N 
you can equip your science department in 
the way you have always wanted. 

Cenco representatives have made a 
study of the Title III program and are 
qualified to give details in your area— 
how you may apply for your share. Write 
us today—no obligati 

To assist you further, the Cenco con- 
version list provides numbers which corre- 

spond to items in the ‘‘Purchase Guide”’* 

Send for PG-1 and for our suggestive list 
of apparatus. Specify elementary science, 
science, physics, chemistry or bi- 


DEA. Now 


ligation. 


*Prepared by the Council of Chief State School Officers 


CENTRAL SCIENTIFIC 
A Subsidiary of Cenco Instruments Copeatee 
1718-M Irving Park Road * Chicago 13, Ill 
and Warehouses—Mountainside, N. J. 

ston « Birmingham Santa Clara e Los Angeles e Tulsa 


Serving education since 1889. Houston ® Toronto @ Montreal @ Vancouver @ Ottawa 
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ZOOGEOGRAPHY 


and explanations 


of Science 


Editor CARL L. HUBBS 
To the Memory of Charles Darwin 
and Alfred Russel Wallace 


AAAS Symposium Volume No. 51 
510+ x pp., 115 illus., 13 tables, 6x9, author index 
of scientific names, references, cloth 
AAAS members’ cash orders $10.50, Retail $12.00 
August 1957 Stanford Symposium: 

The Origins and Affinities of the 
Land and Freshwater Fauna 
of Western North America 
December 1957 Indianapolis Symposium: 
Some Unsolved Problems in Biology, 1957: 
Geographic Distribution of 
Contemporary Organisms 

. .. a vast storehouse of information, 
. . . a kinetic approach, concerned with processes 


... great diversity in: groups of organisms—areas 
covered—topics stressed—angle of approach 


English Agents: Bailey Bros. & Swinfen, Ltd. 
Hyde House, West Central Street, London W.C.1 


American Association for the Advancement 


1515 Massachusetts Avenue, NW, Washington 5, D.C. 


sulphate 


LINE-OPERATED MULTIPLIER 


FLUORESCENCE METER 


model 


@ High sensitivity .. . full scale for 0.001 microgram quinine 


@ Micro-fluorimetry . . . liquid volumes down to 1 mi 

@ Low blank readings . . . linear instrument response 

® High sensitivity nephelometry . . . minute turbidities 

@ Fluorescence evaluation of powders, pastes, and solids; 
also for spot-tests on filter paper without elution 

@ Selection of filters, interference filters, and sample holders 


95 Madison Avenue 


Write for Bulletin No. 392 to: 


PHOTOVOLT CORP. 


New York 16, N. Y. 


Also: pH Meters, Colorimeters, Densitometers % 


PERSONNEL PLACEMENT 


CLASSIFIED: Positions Wanted, 25¢ per 
word, minimum charge $4. Use of Box 
Number counts as 10 additional words. 
Payment in advance is required. Posi- 
tions Open, $40 per inch or fraction 
thereof. No charge for box number. 

COPY for classified ads must reach 
SCIENCE 2 weeks before date of issue 
(Friday of every week) 

DISPLAY: Rates listed below—no charge 
for Box Number. Monthly invoices will 
be sent on a charge account basis— 
— that satisfactory credit is estab- 
ished. 


Single insertion $40.00 per inch 
4 times in 1 year 38.00 per inch 
7 times in 1 year 36.00 per inch 
13 times in 1 year 34.00 per inch 
26 times in 1 year 34.00 per inch 


52 times in 1 year 32.00 per inch 


For PROOFS on display ads, copy must 
reach SCIENCE 4 weeks _— date of 
issue (Friday of every week). 


Replies to blind ads should be addressed 
as follows: 
Box (give number) 
Science 
1515 Massachusetts Ave., NW 
Washington 5, D.C. 


POSITIONS WANTED 


Anatomist, M.D., Ph.D., 10 years’ experience in 
teaching and research, available September 1960. 
Box 86, SCIENCE. x 


(a) Pharmacology, Ph.D., neurophysiology train- 
ing; 3 years of college teaching, 6 years of phy- 
siology-pharmacology drug research experience; 
prefers pharmacology, neurophysiology drug de- 
are or research appointment. (b) Agricul- 

Biochemist, M.S. major; bacteriology minor; 
tesearch on animal nutrition and trace analysis; 
desires research position. S4-3 Medical Bureau, 
Inc., Science Division, Burneice Larson, Presi- 
dent, 900 North Michigan Avenue, Chicago. 


POSITIONS WANTED 


Endocrinologist, M.S., 4 years’ experience endo- 
crine assays, pharmacology, experimental sur- 


gery; publications; desires position with minimal | 


animal contact. Box 85, SCIENCE. 4/22 


Geneticist-Cytologist-Electron Microscopist. Ph.D. 
Specialized research, teaching experience. Micro- 
biology, botany background. Publications. Box 
83, SCIENCE. 4/22, 29 


I harmacol 


P.O. 333, Davis, Cali- 
4/15, 22, 29 


antibodies and enzymes. 
fornia. 


Plant Physiology-Ecology, Ph.D.; 10 years’ ex- 
perience teaching-research. Interested academic 
or research. Box 84, SCIENCE. x 


Vertebrate Zoologists. Special interest environ- 
mental physiology and endocrinology. Male, 36, 
Ph.D.; 8 years of teaching and research. De- 
sires to relocate. Box 87, SCIENCE. 4/22 


Woman Biologist, Ph.D., 38, desires college 
teaching position in a senior college beginning 
June or September. Broad background in the 
biological sciences with botany major and zool- 


ist, Ph.D., desires to conduct | 
research on purification and ‘therapeutic uses of | 


ogy and biochemistry minors; 8 years Te a time | 


college teaching experience. Box 47, AS 
4/15 


POSITIONS OPEN 


Biochemist—M.S. or Ph.D. Principal scientist for 
radioisotope research laboratory, 377 GM&S bed 
A Hospital affiliated with Johns Hopkins and 
University of Maryland Medical Schools. Op- 
portunity for basic as well as clinical investiga- 
tion and medical application of isotopes. Start- 
ing salary $7510, $8810, or $10,130, depending on 
qualifications; Careef Civil Service. Write for 
SS to Personnel Officer, VA Hospital, 
altimore 18, Md. x 


OPEN 


(a) Associate Director, Clinical Research.‘ Ex- 
cellent opportunity for young (under 40) research- 
minded M.D. to establish, coordinate clinical 
testing program; evaluate results; represent com- 
pany on experimental products, liaison with other 
departments; requires practice and/or research 
experience, emphasis cancer, arthritis, pulmonary 
diseases and ability to present ideas effectively; to 

6,000, management- -incentive bonus, stock op- 
tion plan; prominent company; Midwest. (b) Bio- 
chemist. Ph.D. with hospital experience, super- 
vise department in 300-bed fully approved gen- 
eral facility; $10,000; California. (c) Microbiolo- 
gist-Immunologist. To participate in teaching 
microbiology, research, and (d) Virologist, Ph.D. 
preferred, for research, some diagnosis; outstand- 
ing eastern university medical school. (e) Bio- 
chemist. M.S., to head section, 300-bed voluntary 
hospital; to $8000; midwestern college city 75,- 
000. (Please write for an analysis form. Our 64th 
year: Founders of the counselling service to the 
medical profession; serving medicine with distinc- 
tion over half a _ century.) Science Division, 
Woodward Medical Bureau, Ann Woodward, 
Director, 185 North Wabash, Chicago. xX 


Biostatistician, Ph.D.; research in child growth 
studies; opportunities for varied consultation 
and teaching at dental school located in large 
medical center; modern computing facilities avail- 
able. Salary, from $9000, and academic rank de- 
pendent upon qualifications. Write to Dr. Bhim 
Savara, Head of Department, Child Study Clinic, 
University of Oregon ew School, 611 S.W. 
Campus Drive, Portland 1 


Chemist-Biochemist, M.S. level or above. Medical 
research program. Particular emphasis on cellular 
physiology, enzymes, and electrolytes. Position in 
Career Civil Service. Reply to Manager, Veteran 
Administration Hospital, East Orange, N.J. 4/15 


Medical Technologist, blood banking background 
desirable. Interest in research required. Excellent 
opportunity to participate in blood re- 
search. Salary open. Mail replies to R. F. Ambe- 
Milwaukee Blood Center, Inc., 
Wis ew 
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OPEN 


(a) Bacteriologist, Ph.D. for expanding hospital; 
around $8000 year; Florida. (b) Tissue Cuiture 
Laboratory Director, Ph.D. in biology or bio- 
chemistry for leading medical school; $8000-$10,- 
000 year; Midwest. (c) Consultant Pharmacolo- 
gist to supervise new therapeutic studies for lead- 
ing drug firm: East. (d) Senior Parasitologist with 
schistosomiasis experience for research unit in 
West Africa. (e) linical Biochemist to 
laboratory in expanding hospital; $700) 

year; resort town; East. (f) Head of 
Laboratory, pathologist or veterinarian for sur- 
gical and animal health studies; $9000-$12,000 
up; pharmaceutical firm; East. (g) Biology 
Teacher, advanced courses in zoology or micro- 
biology and research; liberal arts university; rank 
and salary open; $72 00 up; East. (h) Pharma- 
cologist for aerospace and environmental phy- 
siology studies; Midwest. (i) Biochemist/Biologist, 
Ph.D. for cancer research; $7000-$9000 year; 
Southwest. (Please write for details; also many 
other positions available through our nationwide 
service.) S4-3 Medical Bureau, Inc., Science Divi- 
sion, Burneice Larson, President, 900 North 
Michigan Avenue, Chicago. x 


ENDOCRINOLOGIST 


Specializing in the endocrinology of repro- 
duction, to be responsible for a biological 
research program dealing with fertility. Five 
years postdoctorate experience desired. 
Large pharmaceutical company in the East. 
Please send résumé of education and experi- 
ence to 


Box 78, SCIENCE 


Microbiology Graduate 
master’s degree; $1800, 
facilities. Phone inquiry collect. 
Miami University, Oxford, Ohio. 


Assistantships toward 
free tuition. Excellent 
Orton Stark, 

4/22, 29 


Pharmacologist, Physiologist, or Biochemist. Aca- 
demic career position open in pharmacology de- 
partment for Ph.D. in one of the above disciplines. 
Good opportunity for constructive teaching and 
research at excellent starting salary for academic 
rank of Instructor to Associate Professor. Excel- 
lent laboratory facilities and assisting personnel 
for research in renal physiology, renal biochem- 
istry, neurophysiology, and pharmacolcgy, or other 
areas of interest to appointee. Send résumé to 
Box 71, SCIENCE. 4/8, 15 


PHARMACEUTICAL 
RESEARCH 


Expansion of our facilities has created 
several responsible opportunities in 
the research and development of 
ethical pharmaceuticals. 


SENIOR PHARMACOLOGIST—For 
the pharmacologic study of CNS act- 
ing agents. Background should in- 
clude a Ph.D. in pharmacology with 
some industrial experience. 


PHARMACEUTICAL CHEMIST — 
Pharmaceutical research and product 
development. Background should in- 
clude a Ph.D. in pharmaceutical 
chemistry or pharmacy with 1-3 years 
industrial experience. 


Laboratory facilities and employee 
benefit programs are excellent. Loca- 
tion is in a pleasant suburb northwest 
of Chicago. 


Please reply in confidence stating 
personal data, education, experience 
and salary history. 


BAXTER LABORATORIES, 
Morton Grove, Illinois 


POSITIONS OPEN 


M.D. To Do Medical Writing 


Excellent position available for physician 
who has writing and editorial experience 
to head up Medical Writing Division of a 
midwest pharmaceutical firm. Should have 
administrative ability to supervise Tech- 
nical Scientific writers and clerical person- 
nel. Clinical or laboratory experience de- 
sirable. Write 


Box 82, SCIENCE 


Physiologist, Position at associate professor level 
in eastern medical school. Research and teaching 
experience essential. Box 81, SCIENCE 


Science Teachers, Librarians, Adenine ur- 
gently needed for positions in many states and 
foreign lands. Monthly non-fee placement journal 
since 1952 gives complete job data, salaries. Mem- 
bers’ qualifications and vacancies listed free. 1 


issue, $1. Yearly (11 issues) membership, $5 
individual; $10 institutional. CRUSADE, 
Box 99, Station G, Brooklyn 22, N.Y. eow 


Senior Technician. Research projects in virology, 
tissue culture, and cancer. New laboratory in 
southern Florida. Connected with university and 
children’s hospital. Send complete résumé. Box 
715, SCIENCE. 4/8, 15 


TWO fECHNICIANS 


for key positions in commercial laboratory 
devoted entirely to the preparation of 
microscope slides. Applicants must be 
thoroughly experienced in the preparation 
of slides in large quantities and familiar 
with paraffin and celloidin sectioning and 
modern staining techniques. Preference will 
be given to technicians who have had two 
or more years of experience in a commercial 
laboratory or in the biology department of 
a university. These positions offer top start- 
ing salaries and the opportunity for sub- 
stantial advancement. Benefits include hos- 
pital and surgical insurance, life insurance, 
generous sick leave, retirement pension, and 
paid vacations. New and modern labora- 
tories provide pleasant working conditions. 
In first letter outline academic background, 
technique experience, and salary expected. 
Write to 


Mr. B. Coursen 
GENERAL BIOLOGICAL SUPPLY 
HOUSE (Turtox Products) 

8200 South Hoyne Avenue 
Chicago 20, Ill. 


SCIENTIFIC 
TRANSLATION 


Excellent opportunity with well-known pharma- 
ceutical manufacturer located in Philadelphia for 
competent translator who seeks an _ interesting 
and challenging position in research division. 
Opportunities to work with a wide variety of 
scientific subjects. Applicants must be fluent in 
French, plus one other modern language and have 
a good command of idiomatic English. Prefer 
academic degree or equivalent (foreign or U.S.) 
in chemistry or biological sciences. Liberal bene- 


fit program including educational assistance. 
Send complete resume. 
BOX 88, SCIENCE 
iil 


Two postdoctoral traineeships in Sensory Phys- 
jology (auditory and/or prenatal). For the 
M.D._ interested in  otological research and/or 
the Ph.D. in physiology, one biophysics, 
or experimental psychology. pao largely 
= free, $6000 per year, up to years. rite 

e Deafness Research Laboratory, Chil- 
aeons Hospital, 4614 Sunset Blvd., Los Angeles 
27, Calif. 4/15, 22, 29 


The Market Place 


BOOKS AND MAGAZINES 


Your sets and files of 
scientific journals 


are needed by our library and institutional cus. 
tomers. Please send us lists and description of 
periodical files you are Mer ee to sell at high mar- 
ket prices. Write Dept ANNER’S, Inc, 
Boston Massachusetts 


Iii PROFESSIONAL SERVICES jill 


LABORATORY SERVICES 
for the 
FOOD and DRUG INDUSTRIES 
Drug Evaluation, Food Additive Studies 
Chemical and Biological Assays, 
Clinical Studies, Research 


LaWaLt & HARRISSON 
Div. $, 1921 Walnut St., Philadelphia 3, Pa. LO 3-4322 


ill SUPPLIES AND EQUIPMENT jij 
e HYPOPHYSECTOMIZED RATS 


Shipped to all points via Air Express 
For further information write 


HORMONE ASSAY LABORATORIES, Inc. 
8159 South Spaulding Ave., Chicago 29, Ill, 


WABASH HYDRAULIC | 
LABORATORY PRESSES 


Most complete line, 3 to 50- 
tons capacity. Heated Platens. 
Manual & motorized models. 
Ask for catalog. 

Wabash Metal Products Co. 
1614 Morris St., Wabash, Indiana 


Laboratory Animals 
Guinea Pigs 
Rabbits 
Information sent on request 
H. S. HURLBURT 
Animal Research Center, Bainbridge, N.Y. 
WOrth 7-5415 


= Hamsters - 


YOU NEED THIS FREE 
CATALOG FOR YOUR FILES 


Serums, antiserums and bloods 
of all kinds for technicians and tissue 
culture laboratories. No salesman will call. 


COLORADO SERUM CO. 
4950 York St.* MAin 3-5373 * Denver 16, Colo, 


"From the hand of the veterinarian 


to research”® 


CHARLES RIVER CD 
(Caesarean derived) 
CHARLES RIVER SD 
(Sprague-Dawley descendants) 
CHARLES RIVER W 
(Wistar descendants) 


HYPOPHYSECTOMIZED RATS 


@ Only Charles River CD animals used 

@Rigidly controlled environment 
(same bldg.) birth to surgery. 

@ High speed surgery by graduate biologists, 

@10 yeors experience animal surgery. 

@ Overnight air service from Boston 


THE CHARLES RIVER BREEDING LABS 


Dept. B, 1093 Beacon Street, Brookline 46, Mass. 
Henry L. Foster, D.V.M., President 
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The Applied 
Physics Laboratory 


“é | The Joh ki 


Ts Appointments for Senior Scientists in 


WEAPON SYSTEMS 
EVALUATION 


— The Assessment Division of The Applied Physics Laboratory has undertaken 
Ri new responsibilities and is expanding its Senior Analytical Staff. Senior Scientists 
and Engineers in such fields as Mathematics, Physics, Physical Chemistry and 
Engineering have in the past proven very effective in solving the types of problems 
involved, which include the evaluation of weapon systems in tactical environments, 
the employment of future weapon systems, and the application of the most recent 
advances in science and technology to these systems. More specifically, we are 
concerned with broad concepts of weapon systems as related to fleet air defense, 
naval attack, anti-submarine warfare, as well as all aspects of limited war. 

The performance of these assignments requires Scientists and Engineers with 
mature minds capable of making original contributions. Though the primary tool 
used in the studies is war gaming played on digital computers, previous experience 
in operations research is not required. You will maintain close association with 
high-level scientists of other laboratories. 

The results of these studies will provide the guide lines for a significant portion 
of the nation’s hardware research of future years. 

The Laboratory provides an atmosphere of scientific freedom conducive to 
original and creative work. For information and arrangements for interview write 
in confidence to: 


|| 


ants) 


Dr. Charles F. Meyer 
Assessment Division Supervisor 
The Applied Physics Laboratory 
The Johns Hopkins University 
8615 Georgia Avenue, Silver Spring, Maryland 
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/homi wins Pyrex achievement award 
each year since established 


Again this year we are recipients of the Annual Pyrex Sales Achievement Award 
presented by the Corning Glass Works in recognition of outstanding 
sales of their Pyrex brand laboratory glassware. We have won the 
Steuben crystal trophy each year since establishment of the award 
three years ago. 


Over 1,500,000 articles of Pyrex brand Laboratory Glassware 
in our stock for immediate shipment. 

Our stocks of Pyrex brand glassware, including ‘‘Vycor,’” 
“Fritted,” Actinic’? and ‘‘Boron-Free,”’ but not including 
Tubing or Rod, comprise more than 1,500,000 articles. This is 
the largest stock of this ware available from any single source. 

We are therefore prepared to make immediate shipment of orders 
specifying either large quantities or varied assortments. 


PYREX FLASKS AND BEAKERS 


MADE BY CORNING GLASS WORKS 


A.H.T. Co. first to offer Pyrex brand Laboratory Glassware 

In the spring of 1915, after witnessing in the laboratories of 
the Corning Glass Works a series of tests of the physical properties 
of Pyrex chemical glass with reference to its suitability for 
laboratory use, we placed a stock order for 150,000 pieces. First 
factory production was based on the sizes and shapes we specified, 
and ware delivered to us in October was the first available for sale. 

Because of this initial order, Corning kindly permitted us to or wn 
make the first advertising announcement. This appeared in the ARTHUR H. THOMAS COMPANY 
Journal of Industrial and Engineering Chemistry, Oct., 1915—see LABORATORY APPARATUS AND REAGENTS 
reproduction at right. eS 


co. ARTHUR H. THOMAS COMPANY 


PHILA. U.S.A 


j More and more laboratories rely on cor 4 Laboratory Apparatus and Reagents 


VINE ST. AT 3RD ¢ PHILADELPHIA 5, PA. 
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